UNCLASSIFIED

AD NUMBER

AD253783

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Mar 1961.
Other requests shall be referred to US
Army Transportation Research Comd., Fort
Eustis, VA.

AUTHORITY

ATL notice dtd 27 Dec 1978

THIS PAGE IS UNCLASSIFIED




Uu. S. ARMY
TRANSPORTATION RESEARCH COMMAND
FORT EUSTIS, VIRGINIA

/\

2 TREC TECHNICAL REPORT 61-45

g‘) . SMALL ROCKET LIFT DEVICE

N PHASE |

™M DESIGN, FABRICATION AND STATIC TESTING
_ m . )

‘\ Task 9R38-11-009-14

y Contract DA 44-177-TC-642
Q- m/}RCH‘
t Aprit 1961

Prepared by:

BELL AEROSYSTEMS COMPANY
Buffalo, New York :

FOR OFFICIAL USE ONLY




o )
E i.
Contract No. DA 44-177-TC-642 \
z[ March 1961 "'
{
[ SMALL ROCKET LIFT DEVICE — PHASE I
l DESIGN, FABRICATION, AND STATIC TESTING '
l 15 August 1960 to 23 December 1960 |
!

| W Il F Hlors f

. ‘ Wendell F. MBore

: l SRLD Technical Director |
l Prepared by: ,,
_ BELL AEROSYSTEMS COMPANY !
; ( Buffalo, New York [
;1 ‘ for

U. S. ARMY TRANSPORTATION RESEARCH COMMAND 5
!’ FORT EUSTIS, VIRGINIA .:




. FOREWORD

The prosecution cf a research and development program involving the
direct application of rocket power {c man, thus permitting him a limited
range of flight, requires the dedicated efforts of many specialists. . Through
.the generous contribution of knowledge, advice, and time of such men, the
SRLD Phase 1 program has been remarkably successful.

. The. USATRECOM has assigned. Mr. Robert Graham as Project Officer;
his understanding help and advice have been of great value. Mr. Wendell
Moore serves as Technical Director for Bell Aerosystems Company. Ac-
mowledgement is made of the excellent analyses by Messers C. Henderson
and J. Kroll of Stability and Control, Mr. 8. Crarnecki of Reliability aspects,
Mr. M. Drexhage for the excellent gas generator design, and Mr. E. Ganczak
for his overall system design efforts which have been a large factor in proe- -

ducing results on schedule.

Phase.l of the S8RLD program was. initiated on 10 August, 1960, and
was completed on schedule 23 December, 1960. 2T
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mass
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ds ft distance from stabilizer mass to nozzle
gimbal
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SUMMARY

In answer to a generalized requirement for increased mobility of the
foot solider, an approach has been conceived wherein small rocket units
are attached directly to an individual to provide him a short flight capability.
An analytical study of the feasibility of such a system haso revealed that such
a device can be built with characteristics of reliability, stability, and con-
trollability, and one which would be safe for operation by relatively inex-
perienced personnel.

To substantiate the theoretical investigations and captive flight tests
utilizing nitrogen gas, it was deemed necessary to build 2 manned free-
flight feasibility inodel of such a device and flight test it, Toward this end,
Bell Aerosystems Company was awarded Contract No. DA-44-177-TC-642
to perform this task under the direction of the U.S. Army Transportation
Research Command (TRECOM), Fort Eustis, Virginia,

The Contract Work Statement for this task was divided in two distinct
phases. Phase I requires the design, fabrication, component testing and
assembly of the Small Rocket Lift Device, followed by an engineering report
of this work. Phase II requires static test firings of the assembled unit,
tethered and free-flight testing with a human operator to determine the over-
all feasibility, performance, safety and utility of such a device, with adjust-
ments and modifications as required to achieve satisfactory operation. A
Phase II engineering report is to be issued along with a documentary movie
of the flight test program.

The general approach to the design of the SRLD is to mount a hydrogen
peroxide rocket propulsion system on a molded Fiberglas corset, shaped to
fit the body of the operator. Underarm lift rings are attached to the corset
through a central, laterally-pivoted joint at the back of the operator's neck.
Two handles attached to the rings extend forward for control purposes.
Actual lift is provided by two gimballed rocket nozzles, one mounted on each
sid: of the operator outboard of the arms and above the center of gravity.
The nozzles are fed by a central gas generator controlled by a squeeze
throttle at the operator's right hand.

Flight stability and control of this feasibility model canbe achieved by
any combination of three methods; namely,




1. Pure kinesthetic control by body motions.

2. Roil damping only by automatic outward lateral gimballing of
| the nozzles when excited by lateral rotational accelerations.

3. A control stick mounted on the left forward arm which operates
the gimballed nozzles for pitch, roll, and yaw.

Figure 1 is a photo of the actual SRLD.

-3 During this Phase I period, all propulsion system components were

Y designed, procured and tested on schedule. No major difficulties were en-
Y countered, Nozzle positions and control deflections were determined during
a stability and control analysis with the aid of a "REAC" analog computor,

3 Reliability aspects of the SRLD were compiled and determined as required. .
| Human factors efforts during this period consisted of determining operator's ;

body-mass data, flight control analysis and preparation of a tethered-flight -

test plan,

| As a result of the successful component developments and system 1
- ' tests it was concluded that the system design was both safe and reliable
' enough to proceed with manned tethered and free-flight testing of the SRLD.
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R Figure 1. Small Rocket Lift Device - Left Side View
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i CONCL USIONS

1‘ The results of component design and testing as well as cold-flow system
testing as reported herein indicate that the SRL.D system as developed to date,
will satisfy the requirements of safety and reliability necessary for manned
: flight tests.
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. RECOMMENDATIONS

! e It is recommended that Phase II of the program involving hot firing
of the SRLD system and manned tethered and froe-flight tests proceed
immediately, utilizing the system as developed to date,
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1. SYSTEM DESIGN

The fundamental purpose of designing and testing an SRLD as set
forth in the contractual Statement of Work is to determine the feasibility of
attaching a controlled rocket system to a man for the purpose of trans-
porting him over relatively short distances. No particular effort was to be
expended to optimize the system; therefore, proven components were used

.wherever possible. Toward this end, Bell Aerosystems has designed and

constructed such a device under the direction of U.S. Army, TRECOM.

Some of the fundamental problems facing the designer of such a de-
vice are: The rocket thrust must be manually throttled from zero to one
hundred per cent to provide adequate altitude control. The operator must
carry sufficient propellant to provide something in the order of 30 seconds
of thrust time, and to prove the feasibility of various maneuvers. Further,
controls must be provided to direct the thrust of the individual nozzles &8
required, to transport the operator to his desired target,

Safety factors must be considered very carefully. Things to be con-
sidered here are the effects of high-temperature exhaust steam in close
proximity to the operator's body, the range of controllability, and due to
the short lift time that is practical in such a device, a propellant warning
system must be incorporated. Another consideration involving safety is
that of distributing the heavy load of the SRLD properly about the operator's
body.

After taking some of the foregoing considerations into account it was
decided as a result of study at Bell, and elsewhere, to design the SRLD
body harness in the form of a coraet. In order to be certain that this corset
actually fit the operator and distributed the load properly, a plaster cast
was made of the operator's body, and from this a male model of the plaster
cast was made. The male model was built up one inch larger than the
operator's actual body shape to allow for one inch thick padding to distribute
the load evenly around the waist and buttocks. After completion of the
plaster mold, the corset itself was laid upon it, utilizing Fiberglas cloth
impregnated with epoxy resin. This was then cured overnight at room
temperature. The steps depicting the fabrication of this Fiberglas corset
are shown in Figures 2 and 3.
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Careful consideration had to be given to the selection of the padding
which lined this Fiberglas corset. Numerous materials were investigated.
Among them being Dow Corning '"Ethafoam™, U. 8. Rubber " Ensolite", and
"Rubatex' manufactured by the Rubatex Division of Great American In-
dustries Inc. Ethafoam is a foamed cellular Polyethylene material. The
latter two are foamed polyvinyl chloride materials. All of the materials
were evaluated for firmness, impact sensitivity, and bulk density. They
were all immersed for at least 12 hours in 90 percent hydrogen peroxide
to determine what, if any, reaction took place, The test data on these ma-
terials is presented in one of the preliminary test reports in Appendix I,
Dow " Ethafoam' was selected for the padding of the SRLD corset for two
fundamental reasons:

1, No chemical reaction occured during immersion for 24 hours
in 90 percent peroxide,

2. The extremely low density of two pounds per cubic foot made
it a desirable material for this apylication.

Another fundamental design consideration was how to lift the human
operator. It was decided to use underarm lift rings as a result of past
experience in experimenting with a nitrogen-powered rocket belt.

These rings were provided with control arms extending forward from
the bottoms with hand control grips at each end. Underarm lifting ad-
mittedly is not the most comfortable method of lifting a human being; how-
ever, due to the short flight time of such a device, this was a very con-
venient and compact method of achieving this end. Further, it allows
freedom of the operator's arms, shoulders, torso, and legs for kinesthetic
control purposes. These lift rings were also padded with one inch thick
"Ethafoam" tubing over the one inch diameter rings.

The hydrogen peroxide-powered propulsion system was then designed
as a complete package in itself and mounted on a lightweight frame which in
turn was bolied to the back of the Fiberglas corsget at three points. The gas
generator was attached to the top of this frame at about the level of the
operator's neck by means of a radial pivot bearing. The purpose of the
bearing is to allow the operator to shake or maneuver his shoulders
laterally for lateral stability and control purposes. A flexible line is pro-
vided from the propellant tanks outlet to this moveable gas generator and
throttle valve assembly. Two insulated outlet tubes were attached to the
bottom of the gas generator to supply the two nozzles which were placed
on each side of the operator, approximately 15 inches outboard of the

9
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operator's center line. These nozrles were designed with integral gimbals
and high-temperature seals. in order to permit thrust vector control during
flight. ‘

Three distinct methods of control of the SRLD are provided for experi-
mental purposes, namely:

- 1. Pure kinesthetic control by body motions.

2. - Roll damping only by automatic outward gimballing of the
noxxles, when excited by lateral rotational accelerations.

3. A control stick mounted on the left forward arm which
operates the gimballed nozzles for pitch, roll and yaw.

The control stick is suspended in a vertical position at the end of the
left arm extension by means of a spherical bearing. A mechanism was
devised which permits roll, pitch and yaw control through a.single hand
grip.. Control motions are transmitted to the gimballed nogzles through
flexihle push-pull controls. The maximum stick deflection ia 18 degrees
from center. No artificial feel or centering is provided at the present time.

The center of gravity relationships to the noxzle poritions were de~
signed according to the recommendations resulting from the stability and
control analysis described eisewhere in this report. Figure 4 is & graphical
illustration of this relationship.

The nozzle maximum deflection for full stick deflection was designed
to be adjustable so that full maximum nozzle deflections of 3, €, or O dagrees
could be explored during the flight test operations.

The automatic stability augmentation device was designed to actuate »
the noxxlea about the gimbal when lateral rotational accelerations are ex- B
perienced by the pilot during flight. A lateral acceleration toward the left
would automatically flip the left nozzle outward tending to stabilixe. the
system. The noxzxles are biocked at the gimbals from turning inward toward
the operator's body. Provision was made to lock both the stick and the noxxles
in the neutral position for the purpose of exploring pure kinesthetic flight
control.

The circular lift rings around the shoulders are provided with hinged
sections at the front. These are lifted upward and snapped into place by

10
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means of specially-designed guick release fittings. A quick-release safety
belt was procurred and installed around the waist of the Fibreglas corset
in such a manner that it would tighten about the operator's stomach. It was
found during testing of the mock-up, that it was desirable to add a ""belly
plate’ from a stiff, 1/4 inch thick rubber material to support the abdomen
while the operator was being lifted by the SRLD., Entrance to the SRLD is
a matter of backing intoc the corset, snapping the quick release links into
position and tightening the safety belt. Several different designs of throttle
control were considered during the design phase. The one chosen for the
first trials was a squeeze-type hand throttle placed at the end of the right
arm extension and formed to fit around the knuckles of the right hand with
the palm grip at the aft side. Squeezing this throttie contrel applies thrast
in a predetermined faghion controlled by the throttle valve from zero to
maximum, Releasing the throttle grip reduces the thrust. A suitable re-
turn spring is provided to return the throttle valve and the grip to zero.

Since the maximum flight time of this particular feasibility model of
the SRLD is in the order of 30 seconds, a flight time or propellant remain-
ing warning system had to be provided to signify flight time remaining to
the pilot. Many types of systems were considered. Obviously, the best
and most accurate type would be one based upon actual measurement of
the propellant remaining in the tanks. However, such a system becomes
quite expensive and complicated and was determined unnecessary during
this phase of the program. The system actually selected and used in this
SRLD is one that 1s based on theoretical propellant consumption. Both
auditory and visual signals are provided to the pilot at 10 seconds before
propellant burnout. The device fundamentally consists of a cammed
chronometric DC timing motor connected to an electronic audio signal
generator and warning light switches. The signal generator provides a
"beep-beep" type of tone at one second intervals beginning ten seconds
before theoretical burnout. This tone is provided to the operator through
a head set in the crash helmet. The cam-actuated switches cause a red
light mounted on the helmet at about the bridge of the pilot's nose to flash
concurrent with the auditory signal. During initial hot-firing tests of the
gas generator and nozzle assembly, this unit was tested. It was found
that any variation provided in the auditory signal, both frequency and gain,
could not actually command the operator's attention, However, in every
case the red light at the edge of the operator's peripheral vision did com-
mand his attention to take action. Therefore, even though this auditory
device has been retained, we have concluded that it is of no valua in this
program, fundamentally, because of the high noise level of the SRLD itself.

12




A photograph of this propellant warning device is shown in Figure 5. A
schematic diagram of this device i8 shown in Figure 6.

Preliminary noise level investigations were made during the gas gen-
erator test cell firings. During Run No. LD-22 (see Appendix IV) a meter
located where the pilot's head would be read 131 decibels. A noise level of
133.5 decibels occurred when the meter was placed between the nozzle
exits on Run: No. LD-28.

Concern was evidenced by many peaple over the possibility of the
pilot being burned about the legs and feet from the hightemperature steam
of the rocket exhaust during operation. It was considered that the worst
condition which could occur would be the heat generated during a full dura-
tion equivaient tiedown run., During the reliability testing program of the
gas generator and nozzle assembly, thermocouples were placed beneath one
of the nozzles at a distance equivalent to the ground level with the operator
standing. One thermocouple was placed directly on the center vertical line
of the nozzle, the second and third were placed 18 inches inboard and out-
board of this center. The maximum temperature encounted during this test
was 400°F. As a result of these tests it was determined that no particular
harm would come to the operator provided he at least had a pair of heavy
trousersandboots on. A schematic of this test set-up along with a small
table indicating the maximum temperatures achieved is shown in Figure 7.
In addition to the squeeze type throttle control it has been decided to test
a motorcycle type of throttle control. A Harley-Davidson motorcycle con-
trol grip was therefore purchased and is being modified to actuate the
push-pull control of the SRLD throttle, During the flight teat program
both throttles will be evaluated. The pertinent dimensions of both throttle
control systems are given in Figure 8,

No particular effort was made during the design of this feasibility
model to cptimize the system so far as weight was concerned. For example,
an existing ICC-approved high pressure nitrogen bottle was utilized for
source gas jn the propulsion system, and two existing Air Force breathing
oxygen bottles were utilized for propellant tanks. As a result the SRLD
empty weight as it stands today, in flight-ready condition, is 79.57 pounds.
The operator's weight, ready for flight including suit and helmet, stands at
154.4 pounds, Forty-seven pounds of hydrogen peroxide are loaded in the
propellant tanks and two pounds of nitrogen gas charged in the high pressure
cylinder. Taking all the foregoing into account, the take-off weight of the
SRLD is 283.97 pounds, Table 1 is a detailed weight breakdown of the SRLD
gystem.

13
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TABLE 1

SRLD WEIGHT BREAKDOWN

Item Part Part Weight
No. No. Name (pounds)
1  ANG6026BX4156-21 Njg Storage Bottle 16.25
2 M§28889-1 Hi-Press Fill Valve .. .18
3 2725-3 Hi-Press Gage 15
4 8060-472001 Shutoff Valve 54
5 8060-472004 Filter 24
] 8123-472010 N2 Regulator 1.65
7  8123-472003 Check Valve 19
8 8123-472015 Press. & Vent Valve .50
9 8060-472122 Relief Valve .36

10 1525-31688 Lo Press Gage .30
11 8123-471001 Storage Tank Assy HoO2 12.25
12 8123-472005 (2) ManualH202 Fill, Drain & Bleed Valve .28
13 8123-472002 Throttle Valve 1.40
14 8123-470001 Gas Generator Assy 5.69
15  8123-470040 (2) Gimballed Nozzle Assy 2.40
16 R22533-10-0180 Flexible Hose .80
17 8123-460009 Harness & Insulation 5.50
18  8123-460008 Support Frame Assy 2.30
19  8123-460007 Lift Support Assy (Minus Gas Gen.) 10.80
20 Control Cables (Including Throttla) 5.25
21 Throttle Handle .86
22 Control Stick Assy 1.85
23 Belt & Abdominal Support 1.26
24 Upper Tether Tiedown Support, 3.00
25 Battery & Tiining Equipment 4.00
26 Plumbing & Miscellaneous Fittings 2.00

SRLD Empty Weight = 79.57 1bs.
Operator 141.00
Flight Suit 4.50
Insulated Underclothes 1.25
Boots 4.40
Helmet 3.25
Operator's Weight = 154.40
Propellant Weight = 47.00
Source Press Weight = 2.00
Takeoff Weight = 283.97 1bs.

18




A special flight suit was designed and fabricated for the SRLD oper-
ator. This was done primarily from the standpoint of safety and secondly
of obtaining good engineering data on the body and limb positions. The
suit was designed to be worn over quilted "dacron” underwear and was
fabricated in such a fashion as to draw the material tightly about the limbs
and torso, so that body joints, leg angles, etc, would be readily detectable
on the flight films for analysis purposes. The suit itself was fabricated
from chartreuse-colored "Graylite" material, a polyvinyl<mpregnated
cloth. This material is suitable for use with raw hydrogen peroxide.

;. Nine-inch insulated hoots with a deep ripple, soft-rubber sole were pro-
. curred for the operator's use. These will afford the maximum protection
" from accidental ankle injuries, hard landings, and high temperature ex-
haust. Figure 9 is a photo of this flight clothing as worn by the operator,

19

PR D e
) V -7 -
H




Al

A
NRYRY A

b
Iy
A
)

%
%: %‘ ,ﬁﬁw !

Figure 9, SRLD Flying Suit - Side View
20

TNt g




1. PROPULSION SYSTEM

A

A simple pressurized 90% hydrogen peroxide propulsion system was
chosen to power this feasibility model of the SRLD. Whenever possible,
proven components were utilized to enhance the safety and reliability of the
system.. Referring to the photo-schematic (Figure 10), beginning at the
bottom center is a standard high-pressure cylinder in which nitrogen.gus is
stored at 2100 psi.. The bottle is charged through a standard aircraft-type
hi-pressure fill valve and pressure is indicated to the eperator by a mhhtun' -
high pressure gauge. The stored gas flow into the syetem is controlled by a
manually-operated N2 shutoff valve developed for the Mercury Project. This S
is followed by a high-pressure, 10-micron filter also developed for H303 .
systems on the Mercury Project. The filter flows into a Bell-modified Grove
"Mitey -Mite" pressure regulator. The regulator is a normally-open, gas-
loaded dome type. A sultable check valve is provided at the outlet of the
pressure regulator and eliminates any possible back-flow of HaOg in the event
of accidental source gas loss atter propellant tank pressurization. Pressure .
to and from the propellant tankage assembly is manually controlled, by means of
a "pressurizeand vent" (3-way) valve. A 0-800 pai. pexoxide~compatible
tank pressure gauge 18 teed into the tank pressurization line just downstream
of the "Press. & Vent" valve along with a tank pressure relief valve, set at
525 psi. The latter two valves are nlso Mercury components,

The propellaat tankage system consists of two modified AF type D-2
breathing oxygen bottles tied together at the hottom by special bosses and a
manifold. Located at one end of the manifold is a small shutoff valve. This .
valve is used to fill and drain the tankage system. Inserted in the top of each
tank is a tube that is connected to another shutoff valve. This is the tank bleed
valve. Those overflow tubes are inssrted at a predetermined height to control
the amount of ullage when the tank is filled. The propellant flows under a

pressure of 450 psi from the center of the manifold through a flexible line to
the tirottie valve,

The throttle valve is a plunger and spool type valve. The spool has &
series of orifices which when uncovered by the plunger varies the amount of
hydrogen peroxide flow from zero to maximum flow to the gas generator.
Peroxide flowing from the throttle valve is decomposed by catalytic action in
the gus generator. The decomposed gases are directed through and expanded
in the two exhaust nossles to produce thrust propofttoul to the peroxide flow,

—— . A
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The two exhaust nozzles are gimballed and are controllable for pitch,
yaw, and roll by movement of the left hand grip if desired.

To actuate the propuision system, ine operator places the P.and V valve
in "Pressurize" posistion, opens the N3 shutoff valve, and squeezes the throttle
control.

After the initial 11 1ld-up of the propulsion system was completed, it was
chemically cleaned and :illed with distilled water for test purposes. The actual
pressurization and flow tests with distilled water were successfully completed -
without incident. Residual propellant, (water in this case) averages approxi-
mately 2 pounds when the first gas bubble goes through the gas generator feed
line. The nitrogen supply pressure averaged about 800 psi at the end of liquid
expulsion when the initial charge was 2100 psi. The modified Grove regulator
pressure drop-off was within the expected values. Various types of pressuri-
zation and filow rate changes were tried. The purpose of these tests was to
detect any possible malfunction tendencies of the system or components. No
problems were encountered. The detalled test data for these water flow test
reports are shown in Appendix II. '

The completion of the foregoing system water flow test represented the
final work requirement in Phase I of this contract. Phase II was begun with
hot-captive firings in the test cell with a weighted plaster dummy. This will
be followed by manned captive flight tests and finally manned free-flight tests.

SRLD PERFORMANCE SUMMARY

Thrust 280 lbs. nominal
Throttle Range 0 to 100%

Igp (100% Thrust) 120" min.
Propellant (H202) 47 lbs. max.

Ng Source Pressure 2100 psi

Tank Pressure 450 psi

Relief Valve Pressure 525 psi

Nominal Duration = 22 sec.

The following itemized list gives all the basic information and test resuits
of the individual components that are used in the propulsion system.
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ANG025BX415-21 Nitrogen Storage Bottles

Certified material and test information were received from the vendor
(Walter Kidde Company). The bottles were hydrostatically tested to 3500 psl.
Permanent expansion was 0.2 cubic centimeters on one bottle and 0.5 cubic
centimeters on the second bottle. One unit is mounted on the SRLD and the
other is being held for a spare.

MS28888-1 High Pressure Charging Valve

This government standard part is satisfactory for service operation at
3000 psi, is fully developed, and is available from government-approved sources
which are on the QPL Ust. Two of these units were cleaned and functionally
tested. One item was installed on the SRLD and the other is being held for 2
spare.

2725-3 High Pressure Gauge 0-3000 psi

Two small gauges (0-3000 psi) were purchased from Rochester Manufac -
turing Company. These gauges were not compatible with hydrogen peroxide.
However, due to the fact that they are used in the source gas system, they are
consldered acceptable. The gauges were processed chemically clean at Bell
Aerosystems Company. Calibration curves of these gauges are presented in
Tioure 11,

8060-472001 Manual Nitrogen Shutoff Valve

This valve is a manually-operated ball-type valve which has been devel-
oped for use in HyO9 pressurizing gas systems. The operating range 1s 0 to
3000 psi., requires a rotary motion of 90 degrees, and approximately 12 inch-
pounds of torque. Leakage external and internal does not exceed 5 cc per
hour and life is 1000 cycles.

Accountabllity of two of these units was transferred from the '"Mercury"
program to the SRLD program and to be used in the "as is" condition. Another
unit was bought specifically for the SRLD program and is available for use.
Pressure drop and flow data are shown in Figure 12.

8060-472004 Filter

This is a 10 micron, 304 stainless steel, convoluted wire mesh filter
encased with an aluminum body developed for the Mercury Project. The operat-
ing pressure range is 0-3000 psi. Cycle life without structural failure is 2000
cycles with pressure applied from Q¢ to 3000 psi.
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Two of these filters were transferred from the '"Mercury" program to
the SRLD program, to be vsed in the "as is'" condition. An additional unit Las
been purchased and is now available. Figure 13 shows the gas flow test results
at various inlet pressures versus pressure drops.

8123-472010 Pressure Regulator

Unless an extensive development program was authorized, Scott Aviation
would not supply components for modification to :meet the SRLD requirements.
Consequently, an "off the shelf' Grove Regulator Company, Model 94X ''Mitey-
Mite" regulator was selected. Initial informal tests indicated that a balanced
poppet design was required to reduce the regulated pressure drep during flow.

Two of these units were modified by Bell to incorporate this feature.
See Appendix III for test data,

8123-472003 Check Valve

A Spartan Alrcraft check valve of the size required for the SRLD had a
minimum pressure drop of 30 psi. Spartan would not accept a contract to
supply a unit with a maximum drop of 10 psi unless a development program was
authorized.

A James, Pond, Clark ""Circle Seal" check valve was selected and tested.
The valve "as is" would not pass low reverse pressure leak tests because of
the Teflon dynamic seal "O" ring. This was replaced by a Viton "A" 'Q' ring
and successfully passed flow and leakage tests. Sea Figure 14 for flow test
resulis.

8123-472015 Pressure and Vent Valve

This is a manually-operated push-pull spool type valve designed for the
Mercury Program. In the push position, it keeps ti:e tank vented and shuts off
soirce gas to the tank, and in the pull position it allows source gas to flow to
the tanks and closes the overboard vent line. This valve has been developed for
100 cycle life operation and operates over a pressure range of 0 to 525 psi. It
has also been deslgned for compatibility with hyrrogen peroxide systems,

The accountability of two ""Mercury" units (8060-472036) were transferred
to the SRLD program. An additional unit is being manufactured solely for the
SRLD program. A
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Problems encbuntered with this valve w re "O" ring blow-eut due to .
wire-drawing of the soft durometer silicone (DC 9711) "OY ring during prés-
surization, ard maintaining the piston in the vent position because of the slight

pressure unbalance.

The following modifications were madh to the valyes to overcome these
problems: The first problem wias overcom§ by changing the "O" ring compound
to Viton "A" which has greater tear resistance. The second problem was re-
solved by adding a ball detent which held thé piston in the tank vent position.

Presgure drop test data on this unit is shown in Figure 16.

8060-472122 Relief Valve

This is & spring-loaded soft-scat type valve designed for use in & hydragen .
peraxide system for the Mercury Program. The lifa cycle is aver 500 cycles. "
Cracking pressure range is adjustable from 500 to 8600 psi and reseat from 450 o
to 550 psl. Leakage does not 2xceed 5 cc per hour at reseat and lower pressuros. x
At fully opemed positon, the valve will pass approximately 756 SCFM nitrogea gas. :

Two of these units were procured from the "Mercury" program and are
being used in the "as is" condition for the SRLD program. An additieanl unit is
being manufactured for the SRLD program. The following test data was taken
from the first unit. .

Specified Pressure 1 2 8 4 b "

Cracking Pressure 535-5680 pal - 561 550 549 0560 550
Reseat Proasure 400 psl Minimum 526 523 024 523 528 '_

Zexo leakage after reseat up to 15 minutes was observed.

1526-31688 Low Pressure Gauge 0-600 psi

Two stainless steel gauges, 0-600 psi, purchased from U.8, Gruge Company
for use in the hydrogen peroxide system were successfully cleaned and conditioned
for peroxide service. See Figure 11 for calibration curve presentation.

8123-471001 Hydrogen Peroxide Storage Tank Apsembly

Two sets of Hydrogen Paroxide tank assemblies were made from standard
Dg type oxygen bottles. One set was proot, fatigue and burst tested. See Figure 16.
The other set was praof tested and is now installed on the SRLPD.
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The proof test pressure was 788 psi. Figure 17 presents thu displace-
ment and permanent set curves of the first set of tanks. Tatigue testing con-
sisted of 2000 cycles of 0-526 psi pressure, during which no leakage occurred.
On the burst test, at 1150 psi a crack develored in the weld at the left-hand
outlet fitting. Figure 18 18 a displacement und set curve derived from test
data during burst test. Figure 19 shaws the proof test displacement and
permanent set curve of the set of tanks now installed on the SRLD.

8123-472005 Manual Fill, Drain and Bleed Valve (2 Required)

In arder to reduce the weight and envelope configuration of the original
8060-472009 valves it was decided to go to smaller valve. A "Shrike" bleed
valve (59-472-215) was selected because of its size and weight (approximutely
1/4 of the original valve). For compatibility with hydrogen peroxide. it waa
neacessary to modify these valves by removing the chrome plating from the
needle detail. This valve is also being used as a shutoff valve im the fill bleed
system.

8123-472002 Throttle Valve

- Karly in the design phase of the propulsion system, the throttling charac-
teristics required for the SRLD were determined. It was desirable to attain
appraoximately 70 percent thrust with approximately 356 percent of the initial
throttle stroke, and to reserve the remaining 85 percent of the throttle stroke
for vernier thrust control between 70 and 100 percent. This feature provides
good, sensitive hovering control as propellant is utilized during the flight.

The foregoing throttle valve characteristics are presented in the curve in
Figure 20. Two additional characteristics assigned to the design of this valve
were: positive shutoff at the end of the stroke, and low breakout and running
friction to allow smocth throttling action. The valves were designed and
fabricated by the National Water Lift Company of Kalamazoo, Michigan. Design,
fabrication, preliminary test, and delivery was accomplished by them, on
schedule. Tests at Bell confirmed that the throttling flow and shutoff charac-
teristics of both valves were within specification tolerances, and they met

90 percent H202 compatibility requirements. However, when one valve was
installed on the SRLD gas generator test stand for hot firing evalvation, trouble
was encountered with high breakout friction, sticky operation and shearing of
the shutoff "O" ring by the plunger. Tests were continued after removal of the
shutoff "O" ring and lubrication of the "Viton" ruaning "O" ring seals. The result-
ing leakage of 150 cc/miin. at operating pressure was considered acceptable for
temparary use. Thesecondvalve was returned to the vendor for redesign and
rework as requirod. As a result, the following changes were made:
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1. The shutoff "'O" ring seal and groove were removed.
2. New, cloge tolerance plunger and spool were installed.
3. The flow annulus around the initial throttling orifices wa: removed.
4, Teflon~capped dynamic "O" ring seals were installed.
As a result of these changer the valve now works smoothly, with a Zreakout
force of five pounds and running force ::! 3.6 pounds. Leakage in the shutoff

position, at maximum operating prescure, is 1.8 cc/min,

The second valve will I»e returned to NWL for rework and returned to
Bell for additional testing.

8123-470001 Gas Generator Assembly

The hydrogen peroxide gas generator is of a conventional design which
has proven its reliability efficlency and endurance in many similar applications.
The essential and performance-controlling component is the catalyst bed.
Catalyst material is the Bell Type 7 catalyst screen.

Specific impulse varies somewhat when a rocket motor or gas generator
is throttled from the design point. This factor must be taken into consideration
when calculating theoretical SRLD flight times. For this pupose, curves of
gas generator Igp and flow rate versus thrust are presented in Figure 21.

The gas generator chamber is constructed of 347 stainless steel and of an
all-welded design to avoid any possibility of leakage. A sufficiently large
chamber volume downstream of the catalyst bed ensures an equal flow distri-
bution into the two hot gas branches leading to the nozzles.

The external surface of the gas generator is enveloped by a perforated
heat shield to avoid skin burns on accidental touch.

Test firing of the gas generator began in October 1980. The catalyst bed
was conditioned for 250 seconds. Because no performance discrepancy was
evident, it was decided to proceed immediately with reliability testing. A total
of 88 firings were conducted with close monitoring of all performance para-
meters (see Appendix IV). Results of these tests are shown in Figure 22. The
majority of these tests used the fixad nozzle configuration. However, because i
the test program was proceeding without complications, it was decided after
Run 47 to install the flexible nozzles of the ball joint type into the system to
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obtain information about their operating characteristics. Observed frictional
forces were excessive and the nozzles were locked for the remainder of the
reliability test program.

On Run 85 a test was made to determine what the maximum temperature
of the feed line Hp02 would be if the SRLD were fired for 30 seconds and shut-
down without purging or venting. This is a salety consideration. This tempera-
ture was found to reach a maximum of 170°F at 22 minutes after shutdown and
is considered safe. Figure 23 is a time-temperature curve from this test.

8123-470040 Gimballed Nozzle Assembly

The lift-producing nozzles are of the swivel type to provide flight control.
The nozzles are fully gimballed and can bé deflected in a complete circle at an
angle of 9 degrees. However, an inboard stop prevents deflection towards the
body of the pilot.

Figure 24 shows the design approach taken by Bell Aerosystems Company
to develop a swivel-type nozzle.

Testing of the original ball joint flexible nozzles revealed high frictional
forces under axial loads induced by internal pressures on the nozzle and inner
race. These frictional forces are amplified by wedge action between the inner
and outer race under axial load. The forces required to deflect the nozzles
were found to be 150 to 300 inch-pounds at the end of a 30 second firing period,
virtually resulting in selzing of the joint while hot. A redesign was immediately
initiated with the following objectives.

(1) Relocate the nozzle throat, axially, to balance the dynamic pressure
forces uf the convergent and divergent nozzle to a possible optimum
to reduce axial loads.

(2) Reduce ball joint diameter to a minimum to reduce the magnitude of
unbalanced cross-sections and axial forces.

(3) Utilize external gimbals to take axial loads and provide low-friction,
high-temperature seals on the spherical surfaces between the two
moving nozzle sections.

Design illustration "'C" in Figure 24 was selected for fabrication. Cold
actuation torque on these nozzles was very low with pregsure on the seal
adequate to seal properly. Subsequent hot firings showed that the friction feel
of the gimballed nozzles seemed no different than the cold static "feel".
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Figure 24. ‘F‘lexlble Nozzle Design Approaches
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However, the friction level is deem&d high enough to demand an excessive
weight to overcome it, if the automatic stabilization system is to be used.
Insomuch as this system is not deemod mandatory for safe flight control,

it was decided to "wring out" the other methods of control and install this
system later if required.
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II.STABILITY AND CONTROL

et e et amdex

Studies were made of the contrclled.lateral bebavior of a.man sup-
ported by the. SRLD. S8ystai dynamics wer: {nstrumented. on an analog com-
puter and control inputs were provided by a human.operator who responded
to visual cues displayed on an oscilloscope (Figure 28).. The:anwjog siidies in-
dicated that a stability augmentation system may not be neceasary for sat-
istactory control. Control moments raduced from original design values re-
sulted in highly improved Handling characteristics. Preliminary Phase Il
tethered flight tests have nui reached ths stage whei2 sorrelations between
flight test observations and the comiputer studiea cnn e made,

Early tethered flight: on SRLD test rigs powerc¢d hy compressed ni-
trogen t-aowed certain undesirabie stability and control characteyistics.
Fore-aft pitching and translation were shtisiactory but lateral translsticn
and rolling motions were oscillatory and for the most part urcontrliable,

. In order to obtain a better understanding of tha systiia dynamics, 2 mathe=

matic model posseasing some of the basic properties of R man suppoited. by
a rocket lifting device ‘vas simulated on anaiog computing equipment.  fnitlal
studies were concernod mainly with the sffect of a stability augmentation
rcheme.on he uncontrollied iatera! behav.or. Suhwenuent stuuies were then
made to determine liow certain parameters influsnced ine contralled behav-
ior by a man whoae task was to.-hoves and transiste.laserally. These lctter
studies are discussed in this repsort. K

A.  METHOD OF ANALYSIS

The model of the man-machine combination and atability sugmentstion
device used in thie investigation is ashown in Figure 26 along with the appli-
cable equations of motion. ‘

. This model bas an uppsr and a lower body connected by a tors
spring at a point correspouding to the hip axis. Rocket noxsies are.loc:ted
at the end of L-shaped arms assumed. to be rigicly atiached to the upper body.
The upper body represents the man's upper torso, head, armo, propellant
tanks, gas generator, valves and tubing. The lower body repimseats the legs.
Except for the hip spring, this model is similar to the one devaiaped. i Ref-
erence 3. Small-angle approximations wer+ ussc in the derivations. Effects
of variable mass aad moment of inertia due to propeilant consumption were
neglected. The e u tions were instrumanted on an analug computer.
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Figure 25. Control Simulation Test Setup
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Augmentation Device; Equaticns of Motion
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Provisions were made for: limiting: the deflections of the stability augmenta- .
tion system {8,) as a function of the nozzle control deflection (8y). -This.re- "-
lation 1s inherent in the control system design.and is shown in.Figure.27.

- The human operator or pilot was required to control his motion based
on observations.of his position and motion displayed on an oscilloscope
scroen. Figure 28 is a schematic of the display and shows the image seen
by the. pilot. The.image height was adjusted.to slightly over.!/2 inch, Thus
its height to displacement ratio would give the impresgion that the image
represented a 6 foot rigid man.

The method of analysis in Referencs 2 did not employ a human opexra-
tor, There, tasks were given to the man-machine combination in the form
of specific translutions at predetermined height. Control inputs were in-
troduced on.the busis of assumed fixed responsc charactoristics of a human
.to atimull sech as height deviations, ground plane distance deviations, ve-
‘loeity, and acceleration. True trajectories based on theae. control inputs
were then computed on digital equipment. QOne.interesting analysis concerned
the irajectory after a forward leg kick of assumed duration and. nature, :
. 'This may be, it seems, a good atarting point for anulytical studies.of kines-
thetic control churacteristics by performing inverse analysis, i.e., given.a
preascribed. trajectory, golve for the log motions necessary to maintain the
trajectory.

Although the digital computer approach offers advantages in the form
of accuracy. and.the use of more detailed analytical expressions, the analog
approach hae the advantage of a human operator. Although his response
characteristics differ between real and analog flights he can.express judge- .
ment concerning the similarities and dissimilarities, desireble and unde- &
sirgble behavior, especially if he has acquired tethered. or free-flight exper- 1
ierice, This was the case for two of the three pilots involved in the analog : -
studies, . .

¥

. .
P RN AR}

The actual prototype control stick was incorporated.in the simulation,
. It was mounted on a sheet metal bracket and attached to a slide wire potenti-
ometer whose output was fed to the computer.

l . In.addition to the control stick, the ac¢tusl SRLD has provisions for kin-
esthetic shoulder control. The noszle arms are attached. to a pivot bearing
l located behind the head and can be rotated by shoulder movements. This
C systera was not, however, instrumented with the computer. The overall sys-
AR : ] tem block diagram is shown in. l"iprc 29.
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8,* NOZZLE DEFLECTION DUE TO CONTROL STICK

8. * 'NOZZLE DEFLECTION DUE TO STABILITY AUGMENTATION DEVICE

18,

max NOZZLE OEFLECTION

Figure 27, Stabillty Augmentation Deflection Limits us a Functlon
of Nozzle Deflection Due to Control Stick
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IMAGE "
HEIGHT ® 1/2

q, = UPPER BODY ATTITUDE, DEGREES
x« LATERAL DISPLACEMENT, FT

SCOPE DISPLAY RATI0S:
1° SCOPE = 1° ATTITUDE
2" SCOPE & 20 FT LATERAL DISPLACEMENT

Figure 28, Oscilloscope Display Schematic |
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A systematic evaluation of the stability augmentation system was the
first phase of the study., The object was to find the effect of frequency and
damping on the controlled behavior of the man-machine combination, and if
possible, to speclfy desirable values for design purposes. Twenty-five com-
binations of frequency and damping were chosen.

Following these stability system tests, the effects of other parameters
were studied. These parameters included the hip-spring constant, upper and
lower body moments of inertia, nczzl~ height above the gross center of
gravity, and maximum nozzle deflection. The hip spring constant used for
initial studies was an experimentally-determined value. It was obtained by
suspending a man and measuring the force-deflection relation of his lega for
a semi-relaxed condition.

4 uimplified pilot-rating system was used. This system (ghown below)
was chosen because of its simplicity and, being a comparative type, would
quickly establish trends.

Letter Rating Description
A Very Good
B Good
Cc Fair
D Poor
F Uncontrollable

B. _RESULTS AND DISCUSSION

First altempts to control the system were not successful, but as the
study progressed and the pilots acquired learning time, their ability to con-
trol the system improved. The results of the first stability system tests are
shown in Figure 30. Note that pilot A was given a velocity display. - That is,
the horizontal displacement of the oscilloscope image was proportional to
lateral velocity rather than displacement. The velocity display was intro-
duced to determine the effects of display response on the pilots' level o{ per-
formance. Reference 1 shows that derivative information can have significant
effects on pilot performance. This did not seem to be true for these tosts
and display effects were not pursued furthex. Figure 30c is a combination of
Figures 30a and 30b. It separates the ratings into C-D and D-¥ groups.
These results were not particularly gratifying since 39 of the 50 ratings were
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either D or F. It was concluded that:

1. Some damping in the lateral stability system is desirable.

2. The stability augmentation system might be of seccndary impor-
tance.

Following these stability system tests,probes were made to determine
which, if any, of the other parzameters had significant effects on the con-
trolled behavior, During these probes it was noted.that the scope image
maintained a hovering attitude if the pilot kept his hands off the control stick
when the computer was turned on. When he attempted maneuversg the sys~
tem soon became uncontrollable. These extremes — uncontrollable by pilot
and satisfactory hovering with no control inputs — pointed to excessive con-

, trol moments. With excessive control, epurious pilot-induced control mo-
ments result in rapldly occuring uncontrollable motions.

A series of runs were then made to determine the effects of maximum
evailable control by changing maximum nozzle deflection and nozzle height
above the gross center of gravity. Results are shown in Figure 31, Although
most of the ratings are uncontrollable or nearly so, the difference, as noted
by the pilots, beiween the 3, 6, and 9 degree deflections were definitely in
favor of the 3 and 6 degree maximum nozzle defiections.

On the basis of these tests the SRLD hardware was n.odified by lower-
ing the nozzle girabal point from 3,75 inches to 2 inches abuve the gross
center of gravity, The maximum nozzle deflections are easily adjusted on
the SRLD. The 6 degree maximum deflection will be used in the first series
of flight tests, This will give a maximum rolling moment of

TR MaX ° 2 TRmax = 280 1b

= 2.44 ft-lbs

The maximum value used in Reference 2 is 12.5 foot-pounds, This
rolling moment 18 obtained from maximum differential thrust of 10 pounds at
a 15-inch moment arm. It ia felt that the nature of analysis, i.e., digital vs
pilot-controlled analog, account for this large difference. The roli-lateral
translation motions are coupled,and pilots observing the oacilloscope dig-
play rated the total motion,



g Eil e A

NOZZLE HEIGHT MAXIMUM NOZZLE DEFLECTION , DEGREES
ABOVE GROSS CG., IN. 3 8 ) '
2 ¢ r F
3.78 F J r
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" o- F )
. b~ F | 0-
PILOT A PILOT B PILOT A
GIMBLE f
POINT {
LEGS DOWN Bn N—GROSS C.G.
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' ﬁglzorli% '%-

Figure 31. Effect of Maximum Nozzle Deflection and Moment Arm on Pilot Ratings.
Inertial Exploratory Tests oun Stability Auginentation System
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from 9 degrees, its design value, to 6 and 3 degrees, the stick deflection-

The maximum stick deflection remained constant as. the. maximum
nozzle deflection was varied. Thus, as the nozzle defiection was reduced.

RN IR

nozzle deflection gradient, as measured by gKm“ , increansed by factors
, N max

of 1,33 and 3.00 respectively. The.effect of a constant deflection gradient

for various noszle deflections was not evaluated.

After those. tests it was discovered that an increased value of hip-
apring constant and moment of inertia of the lower body had significant
effects.on.the system behavior. Figure 32a shows the effect of increased hip
spring constant and. Figure 32b shows the effect of raising the legs.. Qom-
parison of the rasylis In Figure 31 and 32 shows that the hip spring constant
has 2 primary influence on the controlled lateral behavior. - It is probably
one of the least accurately known parameters.

Shortexploratory studies were also made to study the etfects.of mass
and inertis characteristics on the controlled lateral behavior. There were
alight but noticeable. effects. More detailed studies. may be.in order at later
stages.of development.

- During.the course of the atudies. concerned with nozrle heights above
the gross ceiter of gravity, there appeared an interesting phenomenon which
may be related.to kiuesthetic cantrol behavior. Consider the two-segmont
body shown in Figure 33a.. If a force. is suddenly applied at some point above -
the gross center of gravity, the line joiming the upper and lower centers of
gravity will translate and rotate to the left. . If the line of action of the force
passes above the upper. body c.g. it will excite the bending mode as. shown in
Figure 33b.. If the line.of action passes.below the upper body c.g. it will ex-
cite the bending mode as shown in Figure 33c. At one time when the nossle
gimbal height was slightly above the gross c.g., this latter phenomenon was
observed, For rapid.control inputs the osciiloscope image, which repre-
sentod. upper body attitude, began initial angular mations in a divection. oppo-
aite.that desired by the pilot. - Thiz phenomenon was also observed on captive
flight tests with nitrogen riga.

As mentionad earlier the pillots became more proficient as the studies
progrussed. ‘The direction of angular movement of the displey image ap-
pearad. to be the primary stimulus,  When the pilots learved to.lead this an-
gular wavement properly with.the coutrol atick, they conld maintain the

-upper body attitude within reasonable iimits. Lateral displacement seemed
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of secondaiy importance a8 a response stimulus. The pilots became more
critical in their judgement ae they became more proficient and began annsta- .
ting plus (+) and minus (-) signs to the letter ratings. They repeated runs

often and felt that with pruactice they could do better for the test runs in the
D-F category.

C. __ CONCLUSIONS

From the results of the analog computer studies of the pilot-contrulled
lateral behavior of the SRLD the following conclusions can be raude:

1. If stabiliiy augmentation i8 incorporated some damping should be
present and iow frequencies avoided. The oveirall studies do not
show that stability augmentation is absolutely necessary.

2. The hip-spring constant has a primary influence on the system dy-
namics. Iigh valves are most desirable. Bince it is a combined
human-factor and physiological parameter its vaiue is not accu-
rately known.

3. Mass and inertia characteristics nuve nouceable effects on con-
trolied behavior and further studies may prove vaiuable at a later
date.

4. Control momeonts reduced from original design val.es resulted in
highly improved hundling ckaracteristics.

5. The two-segment model exhibits some basic dynamic: characteris-
tics that make it suitable for analysis of SRLD configurations. Con-
tinucd analysis may yield information valuable for kinesthetic con-
trol analysis.

D. __ RECOMMENDATIONS

Based on the overall test results it was recommended that the nozzle
gimbal height of 2 inches above the gross c.g. be adopted along with 6 degree
maximum nozzle deflection. These numbers would result in improved con-
trolled lateral bebavior characteristics.
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IV. HUMAN FACTORS

Participation of Human Factors. Personnel during Phase I, consisted .
chiefly in obtaining anthropometric data on the flight-test operator, propos- o
ing different pessible control configurations, monitoring design of the SRLD -
feasibility model, providing body-mass data for REAC analog computer !
studies, and preparing flight plans for the SRLD Captive Flight-Test Program. 3

A. ANTHROPOMETRIC DATA

The anthropometric data presented in Table 2. were used in design of
prototype equipment. Fitting of the fiberglass corset by means of a plaster-
cast of the body was monitored by human factors and medical specialists.
Emphasis was placed on supporting weight of the propellant-loaded SRLD
device about the hips where severe injury is least likely to occur in a hard
landing.

B. _CONFIGURAT/ONS TO BE CONSIDERED

A hand controller-arm restraiut design, which is relatively insensitive
to acceleration forces, was proposed. Because of increased complexity over
the existing design, the proposed concept was not incorporated in early test
hardware. Unless simulator data and/or actual flight test indicate a need for
reducing acceleration effects at the controller, this will not be incorporated
during the progiani.

The following control sysiem configurations were proposed for consider-
ation in future design, or as specific alternatives to be included in the test
program,

1. Pitch and roll control allocated to one hand, and throttle and yaw to g
the other. This would minimize the possibility of cross-coupling to be antic- -
ipated in a three-axis controller.

2. Kinesthetic control for pitch and roll, with a tiller or steering bar
control for yaw. Yaw appears to be the control function most difficult to
achieve by kinesthetic means and requires separate control. Steering and
throttle control may then become a one-hand operation, freeing the other
hand for other tasks.
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-control linkages. could be. fastened to head band or helmet, with forward head
_movement resulting in pitch forward. to.translate. forword; the head moved to

. therefore seems. probable that two-uxis head control might be most desirable,

by datermlnlng the over-all c.g. location of the test pilct. sxperimxmlly

. hip joint, was. derived experimentaliy. . The test pilot waa suspended in % mock-
_fastaned at the waist. The. force reguired to daflect the lower extremition in
.protractor. Muasurements wery faken in four directions. -- fore and rfi, and

in tke calgulations were determined from the Birter regrassion equaiicas,

3. Operator head motton for two or three-axis control.. For example,

the zight, would.result in roll right, and translate ri;m. rotating the head. to
the right or left would result in yaw.

One hand mult necessarily be. occupied w&th throttle control. It

with yaw and throttle control tc be ageigned to ona hand s ducmbod £hove.
Advantages of this. system would include optimized. cpntral-xeapomq cprrola~
tion, freedom of one hand for othér tasks, and possibile’ atmplwcmun of the
control linkages.

C.___BODY-MASS DATA

The Human Factors S8ection prepared body-mass. distribution, center of
gravity and spring rats data for use by the flight iechrology group in acalog
simulation gtudies.

After review of available literature, it was aecided.to use. 4 regression
equation developed by Barter, (see Reference 3) in determmatlon of mwaas
distribution data.

L%

. Center of gravity location in the separate bctw segmonts wes. derived

compariag it with average over-all ¢.g, location 28 dote:mined by Dencpater -

. (see Reference 4) and using the resulting ratio to modity the body-sdgment

c.g. locations as determined in the same reference, .

co el Sl
.

. Spring rate data for the human body, in the regiexn of the abdomen and
up of the SRLD, and his uppsr body immcbilized by fore, aft, anc side. tuthers

increments of five degrees was. measnred using 2 spring balance. sud lsrge

Sl s S

left and right. Spring rates were then caluuiated. Body seyment weights. used
Observed and calculated data are prosented ir Takle 3.

D. . PREPARATION OF CAPTIVE FLIGHT V6T Fi-A200 A

- Flight-test plans wore formula’sd with assistance from human-factors.
porlonnol in order to provide, as much as peesible, for optimal conditions. and
sequences in learning to operate the SRLD, and to allow for thesy.effects in
evaluating alternative configuration,




- TABLE 3
O
S OBAERVED AND CALCULATED A“THROPOWTRIC DATA
o R=._—_—=-_=_.-—-_-=:__ - AR -
fn | - | i!
,4 o Over-all length (supiae), inch 70.6 } -
o | Top of head to hip socket, inch 29,5 ' -
Knee to ankle, inch 16.75. - i
(. Mias - total, 1b 1440 | - |
L Upper body segment, 1b 97.0 = Determined using regression equa- |
| Hons par Barter* ‘
Lower extremities., Ib 47.0 '  Determinsd using regression equa- |l
. tions per Barter* }
- | ' Center of Gravily - Over-all,  28.6  From top of head
' ! “-":. mcn '
b Upper body seginent 17.8  From top of head (determined using
) : center of gravity locations as a per-
| centage of segment Jength per
.‘ Dempaster %)
b " ‘Thigh, inch 9.0  From hip joint**
D Leg, inch 7.4  From knee joint**
Fuot, in¢h 1.5 From ankle (estimaated)
L SPRING RATE DATA
| Tepaion ju Pounds . Normal jo Leg at Ankle
y Angle Slide _
Degree Left Right Aversgs ¥wd Back
) 1.8 3.5 . 3.0 1.6 1.8
I 9 . Iio \'05 ‘05 4.0 3.0 3-0
18 8.0 7.0 6.0 4.5 6.0
o \ \ 30 9.0 9.5 0035 5.5 7.5
» o p{ ] 12.0 14.0 13.0 8.0 0.5
: 30 160 160 160 100 13.0
b *Barter, reference 3 !
) s*Derapater, reference 4 . ‘
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E. LEARNING TO OPERATE THE SRLD

Two theoretical principles of learning were considered: (1) Simple-
to-complex sequential progress and (2) whole-part practice.

A simple-to-complex sequence of SRLD tasks was. thought be to an
optimal plan for progressive skill acquisition by the S8RLD flight operator.
On a rational basis this was thought to be, perhaps, a progression from a

simple hovering task to one requiring complex maneuvering.. The flight plan

was therefore established in this basis, However, further consideration of
SRLD flight requirements has suggested that in actuality the hovering task
may be the most difficult, and the plan may require revision on this baasis.

The whole-part theory of practice in learning a complex motor skill
was applied in recommended training and practice. For example, some com-
bination of whole and part practice is employed and considered most effective
in such motor skills as golfing, boxing, swimming, ete. In swimming, "whole"
practice is accomplished by attempting the complete motor sequence, such as
swimming across the pool. "Part" practice in the training-to-swim procedure
is accomplished by practicing only the kick or the breathing rhythm.

The motor skill requirements in flying the SRLD, on a rational basis,
would seem to involve such elements as proficiency in throttle, or vertical,
control, yawing, pitching and rolling by such movements as those required of
the arms, trunk, and legs, balancing and executing "kinesthetic” control for
maneuvering. Further considerations are: muscle conditioning to bear the
weight of the pack, adaptation to the clothing and required protective equip-
ment, etc.

Several exploratory flights were propnsed to provide the operator with
such familiarization as might be described as '"whole'" practice. "Part"-type
practice was accomplished and/or recommended as follows:

1. REAC analog computer tracking in the lateral and pitch axis.

2. REAC analog computer tracking in the vertical axis.

3. Adaptation and conditioning to personal equipment and the hip

pack by exercises, similar to those required in flight, under dry-
run conditions.

4. REAC analog computer coordinated control of vertical, pitch, yaw,
and roll axes.
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F. FLIGHT TEST PLANS

.SRLD captive flight test plans were based on theoretical problems in
learning to fly the SRLD, and on the tests and experimental controls neces-
: sary to evaluate the different possible SRLD flight control configurations.

Over-all flight test objectives in tethered flight were defined as follows:

1. Chiefly, to establish feasibility of control and flying qualities with
optimal safety.

2. To establish the control configuration on the basis of performance
criteria that are most proficiently controlled for free-flight tests.

Feasibility is to be largely established on the basis of generzal observa-
tions and flight operator opinion. The optimal control configuration will be
determined on the basis of flight rating charts and quantitative analysis of
film records.

L T e o I

, The SRLD control system, proposed at this stage of the program, is to’
- be provided with the following possible pptions to be tested:

1. "Kinesthetic" control, where a spherical pivot bearing at & center
point to the shoulder harness is free to permit thrust diversion
about the shoulders in pitch and roll. Locking is optional. (A pivot
in the pitch axis has recently been discussed as unnecessary.)

2. "Automatic Roll Stabilization" with a left-hand stick, where link-
ages in roll actuate nozzles laterally, in pitch longitudinally, and
in yaw, differentially in the longitudinal axis. Locking is optional
for all axes, or any individual axis. (The automatic stabilization
feature has been temporarily abandoned since the original think-
ing on this option. This was necegsary due to the excessive weight
that, it was determined, would be required for effective control.) L

Table 4 lists the configurations in combinaticns of the above, and the
flight tasks for performance evaluation.

The following order of flights were planned in order to control the
; biases that would otherwise be incurred from adaptation ard learning, This
* is important, since the performance criteria with each configuration will be
compared to select the optimal configuration for free flight testa. (The follow- ?
ing Roman Numerals are also referred to in Table 4.

s
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I. Hovering Control Tests - Ascend to five feet, maintain straight
and steady attitude until timer signal occurs, descend and tcuch down.

Test 1 - Configuration A
Test 2 - Configuration B
Test 3 - Configuration C
Test 4 - Configuration D

II. Lateral Control Tests - Ascend five feet, translate right side to
mark, return left to zero position, hover, and let down.

Test 5 - Configuration A
Test 6 - Configuration B
Test 7 - Configuration C or D*

M. Yaw-Right Control - Ascend to five feet, turn around right 360
degrees, hover, and let down.

Test 8 - Configuration E
Test 9 - Configuration C or D*

IV. Yaw-Left Tests - Ascend to five feet, turn around left 360 degrees,
hover, and let down.

Test 10 - Configuration E
Test 11 - Configuration C or D*

V. Pitch Control Tests - Ascend to five feet, translate forward to mark,
hover, and let down.

Test 12 - Configuration E
Test 13 - Configuration C oz D*

VI. Combined Control - Ascend to five feet, translate forward to mark,
turn around right 180 degrees, and translate forward to zero position, hover,
and let down.

Test 14 - Configuration E
Test 156 - Configuratio~ C
Test 18 - Configuration D

*This decision wiil be based on preliminary performance criteria in compari-
son of Tests 3 and 4.

66

TR N IR A AR




£k

. TABLE 4
';j' PLANNED SRLU TETHERED FLIGHT TESTS
: Flight
Configuration Plan No. Flight-Test Task
A, Kiregthetic I Hovering
# It Lateral Control
N
‘ B. Kinesthetic and Auto~ I Hovering
- Roil Stabilization I Lateral Control
C. Manual and Auto-Roll I Hovering
Stabilization 1 Lateral Control
I Yawing Right
v Yawing Left
\' Pitch Control
VI  Combined Control
D. Kinesthetic, Manual I Hovering
s and Auto-Roll Vi Combined Control
Stabilization*
. E. Kinesthetic and Manual I Yawing Right
Yaw v Yawing Left
Pitch Control
VI Combined Control

*To be subsatituted for Configuration C, depending upon results in the hover-
ing tasks. A free piyot, or kinesthetic control, may be essential in compen-
sating for full center of gravity shift.
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Recycle Tesis

. Test Same as Test Same as
No. . Tesat No. No, Test No.
i1 16 25 8
18 15 26 7
19 14 27 6
20 13 : 26 5
21 12 29 4>
23 11 30 Ju
23 10 31 2%%
24 9 32 1%%

**Propellant duration time measures will be completed during these flights,

Preliminary evaluation criteria. were established in the use of a flight
rating chart by specialized obaervers and the flight operator himself, as well
as flight analyais of film records following each flight,

Table § presents & flight rating chart to be used in the experimentul
evaluation.

Markings are provided on the flight operator's suit in order to {acilitate
interpretation and analysis of performance from film records. Figure 34 pre-
sents the front, side and rear flight suit markings to be employed.

Photographic records are expected to provide such performance data
as follows:

a. Time to complete maneuvers
b. Accuracy of maneuvers

¢. Damping rate

d. Translation rate

e. Ascent-descent rate

f. Interferring body and/or control motions.
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G. SUMMARY

Human Factors effort during the Phase.l program has consisted largely
in providing basic body-mass data, flight control analyses, and assisting in
the preparation of a tethered-flight test plan. Flight-operator training require-
ments were algo considered as part of the flight test program in order to de-
velop control proficiency.

R IPV,

71

ra
IS sy wmas SNy B SED SR T S TE GEE S i S IR S T O WaE e




V. RELIABILITY

During the Phase I pericd, the reilability effort consisted of monitoring
the testing of components for Inclusion of rellability and safety objectives and
analysls of the past history data on components used on the SRLD that have
been utilized on other programs at Bell Aerosystems Company.

The components have been Lasted for performance parameters consistent
with the SRLD design requirements. As highlighted elsewhere in this report,
changes and/or modifications were made on components to meet the design
requirements and to enhance the reliability and safety of the system by meeting
or exceeding the system requirements. Although these components have success-
fully achieved the design requirements, only system level testing during Phase I
will conclusively establish component safety marging because system fallure
definition in terms of component tolerances cannot be rigorously established at
the component test level. Phase II will demonstrate the level of reliability
achieved by the SRLD in tethered and free flights of the system.

Six components utilized on the SRLD have experienced various phases of
testing during functional, system checkout, and system flights. These compo~
nents are as follows:

1. 8060-472001 Manual Shutoff Valve

2. 80060-472004 Gas Filter

3. 62-472-088-1 Check Valve (Modified to 8123-472003)

4, 8060-472036 2-Way Selector Valve (Pressure and Vent Valve,
(8123-472015)

5. 8060-472122 Rellef Valve

6. 59-472-275-1 Fill and Drain Valve (8123-472005)

Table 6 presents a summary of the background data app!cable to the SRLD
program on each of these components and includes the computed and lower 90%
confidence rellablility when based on a 30-second flight of the SRLD.

1. 8060-472-001 -~ MANUAL SHUT-OFF VALVE

Eighty-six (86) units have been functionally tested and no failures were
observed. During 527 hours of system testing, the manual shut-off valve was
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fail-free. Serial number 211 and 213 have been tested successfully for the SRLD
Based upon this data, this valve is computed to have a 30-second reliability of
0.99998 or 1 fallure per 63,240 flights of the SRLD.

2, 8060-472-004-1 — GAS FILTER

Two discrepancies were experienced during the functional testing of 38
filters. One unit had a slight leakage at 3C00 psig. Upnon failure analysis, it
was found that the teflon back-up ring was out of dimensional tolerance and this
unit was returned to the vendor. Leakage at 4000 psliz was also observed past
the "O" ring on the second unit. However, the fallure could not be duplicated,
and the unit was successfully retested.

This filter has had extensive experience in a test cell as well as formal
and informal PRFT testing. No system fallures have been observed in 705 hours
of operation.

ey am B WS NP SN o

The SRLD program has accepted filter numbers 205 and 206.

b —

Based upon system data, this gas filter 18 computed to have a 30-second
reliability of 0.99999 or 1 failure in 84,600 flights of the SRLD.

3. 8123-472-003-1 (62-472-088-1) — CHECK VALVE

This valve has had extensive experience in a previous program at Bell
Aercsystems Company. Out of the 243 units functionally tested, only three units
were rejected for failing the reverse flow requirements and were not acceptable
for rework. Twenty-eight (28) units that failed during these tests were subse-
quently accepted after rework.

During system checkout, the dominant mode of failure experienced by this
component was leakage. It was determined that 76 percent of these 38 leakages
were caused by acid salt deposits from the oxidizer on the seat and poppet area.
Since this oxidizer will not be used in the SRLD system, this mode of failure
is considered to be of a much lower magnitude.

When this valve was used in actual flight, no failures were observed. Data
from 2492 functional tests cycles, 423 system checkouts, and 101 flights of this
component were analyzed and a summary of the results are presented beiow*

Observed reliability during flight (150 seconds) 1.00
Observed rellability during checkout (1 hour ) 0.8438
Observed unit rejection rate during functional test 1.2%

4
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The reliability of this check valve, when based on a 3(-second fiight,
18 computed to be 0.99894 or approximately 1 failure ir 733 flights of the SRLD.

Serial numbers 1 and 2 have been acceptarce-tested for the SRLD pro-
gram. These valves are ol the 8123-.472~003-1 configuration which makes them
corapatible with HoO3.

4. 8060-472-036 — TWO-WAY SELECTOR VALVE (PRESSURE AND VENT
VALVE)

Thirteen (13) units bave been functionally tested to date and one failure
was observed. Thiv unit falled B/P Note #54, and allowed free flow past the
push-puil spool. 'This unit was sent to rework to eliminate the scored seat at
Port "C".

During system testing of tnis valve, the valve experienced 462 fail-free
cycles in 527 hours of speration. Utilizing this system test data, this valve
s computed to have a 30-second reliability of 0.96998 or 1 failure per 63,240
flights of the SRLD.

5. 8060-472-122 — RELIEF VALVE

This new velve has had no failures during the functional testing of seven-
teen (1) units tosted to date.

This relief valve has performed successfully during 270 hours of system
testing and when thece data are applied to a 30-second flight of the SRLD, the
computed reliability would be 100 percent. Since this valve is a safety compo-
nent to prevent system rupture in the event some impurities are accidentally
intrcduced into the system, this 100 percent flight reliability will continue.
This is based on tie fact that over-pressurization will be evident prior to
flight, therefore, the {light wiil be aborted and action taken to eliminate the
abnormal situation,

6. 59-472-275-1 — FILL AND DRAIN VALVE (8123-472006)

Data from December 1953 to date has been analyzed on this fill and drain
valve, A total of 1614 units have been functionally tested and experienced 101
failures. However, only 21 units were rejected with the balance of the units
being acceptied after rework.

During system checkout, one failure was obsorved. A deposit of acid
salts on the seat and poppet area had allowed leakage of the oxidizer. Since

%
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this oxidizer will not be used in the SRLD system, this type of failure will
not exist. No fallures were ocbserved when this valve wag in flight.

Data from 3283 functional test cycles, 451 system checkouky, AM ?0}. ! .
flights of this component were analyzed sud a summe.'y of the resalluare | LA
presented below. L

Observed reliability during mﬁt (156 seconda) i.%0 o : ! i"'ﬁl!

o . ‘4
Observed reliability during checkout (1 hour) 099018 il
Observed unit rejection rate during functiosal test 1.3% | g

. 4
The reliability of this fill and drain valve durlng system checkout, when E j
based on & 30-second filght, is computed to be 0.89898 or approximately 1 o
failure in 25,000 flights of the ERLD. L

During Phase I, the gas generator was tested for performance, relishility, ol
and safety. One hundred and one tests were conducted on the gas gonerator
with no perfcrmance degradation in 3070 seccnds of opésatioa. Parforiaunce
parametars have displayed a consistent :1% repeatability and nu safety hat..rds
were evident. Since the ges generator is & direct ousgrowth of the present gas
generators used on other programs, it is evident that the high dogree of relia-
bility necessary for this man-rated system has been achiaved.

The throttle control valves and rocket nozzles have been modified to meet
the design requirements at the component teat level. Due to the time delay in
the modification of the throttle control valve, the scheduled 500 cycle reliability
test was not accomplished in Phase I. Any "unreliable factors" in theme com-
ponents are a function of mechanical tolerances in the succesaful performance
of their operation. The design of these components has : been orientated iowards
minimizing critical tolerances to enhunce reliability. Any additional features
that hecome evident in subsequent flight during Phase II will be incorporated.

Since the proposed regulator did not meet the design requirements, a
modified Grove 94X Mitey-Mits regulator was chosen as a substituts. This
regulator was tested to obtain regulstion and flow characteristics of the regulator
under various cycle and flow tests and to establish a confidence level of relia-
bility. Although the regulator had dropped 10 pai below the initial wetting atter
260 cycles, this is not considered significant and this regulator is adequate for
SRLD use. Based upon the data of this test, thers is 90 percent confidence thut
the regulator would not have more than one fallure in 110 flights of the SRLD.
The best estimate, which is less pessimistic, bas a reliability of no more thau
one failure in 178 flights.
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R
2 x fi The ANBO25RX415-21 compressed gas cylinder g an ICC-approved item
- . . :uizﬁ past history tbroughout the industry has indicaied a ligh level of relia-
R oo ty.

! e
Y :' ' Cycle, proof, and burst tests were conducted on the Hz03 tank assembly

¥, for performance parameters and for reliability and safety factors. After
A 2000 successful cycles, the tauks were tested for a burst presaure. At 1150
.+ S psi, a crack developed at the lover left hand weld area and testing was ter-
& , tainated. This 2.2 relief valve-to-burst factor is considered to be a sufficient
' s';’!:. ' :mfety margin for the SRLD design.
:

- The gages and hi-pressure fill valve have met the design requirements

o of the SRLD. Bell Aerosystems Company does not have detalled experience

oA data on these componentie, although they are accepted by industry for their
g per{ormance parameters and reliability.

Based upou past experience and Phase I testing, it is feit that the SRLD

- v can achieve the high clegree of reliability necessary for this man-rated system.
“ , The actual level of reliability that can be demonstrated will be a function of
gREr: i the flights made diuring Phase II.
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Appendix I. Compatibility of Polyvinyl Chloride Rubber i
with 90% Hydrogen Peroxide '

A. GENERAL

The following results are applicable for both vinyl rubbers submitted ,
for test, The materials are: e

1, Rubatex R-310V
2. Ensolite, U, S. Rubbor
B. MATERIAL COMPATIBILITY

The vinyl rubbers were immersed in 90% hydrogen percxide with no immediate
reaction upon contact, After a 5-mimute retention period, several bubbles
were slowly forming on the surface of the materials., This process provceeded
for 24 hours and then the samples were remcved from the peroxide, At no time
was there noted any vigorous evolution of gas.

The vinyl rubbers retained most of their resiliency, but suffered a
marked decrsase in tensile strength. They swelled to approximately 1508 of
their original volumo. The color was bleached from tan to light tan,
approaching white,

c. SHUCK SENSITIVITY

The apparatus used to dstermine the following data was an Olin-Mathieson
Impact Sensitivity Tester, The information reported are.average values of
numerons drop tests, )

Impact
Sensitivity
Rubbers Subjected to: ' Inch-Ounces Comments

1, Virgin . 6992 Very stable to shock,
2, Overnight soak in 90f 105, 5520 Quite stable to shock.

squeezed dry, test run,
3. Overnight sonk in 90% H0p, 6256 Very stabis to shock,

soaked in water for 10 min.,

squeezed dry, test run,
4, Overnight soak in 90% H50,, 4600 Not as stable to shock

soaked in water for 10 min., as above,

air dried for 24 hrs., test

run .
5, Same as (U4), except dried 3220 Approaching the lower

@ 1220F ror 24 hrs,, test run. limits of shnock stability.
€. TMT 2000 As a comparison, quite

shock sensitive,




-k,

C. SHOCK SENSITIVITY (Cont'd)

Impact
' . Senaitivity
Rubbers Subjected to: Inch-Ounces Comments
7. RIX . 1340 Quite shock sensitive. .
8., lead Azide 720 Very shock sensitive,

At no time were explosions encountered during the above testy, but
definite discoloration of the materials warrants that they be classified as
shock sensitive for that particular situation,

1 m
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i Appendix II. SRLD System Distilled Water Flow Tests
ROCKET LABORATORY PRELIMINARY TEST RIPORT
Sheet 1 of y
Test Ttem SN 1  Test No. LD-91 L Test Item SRLD
Date S  ‘Work:Oraer 6876-000
Test Engineer L, Sileo Test Facility W-i
TEST:
SRLD System Distilled Water Flow Tests,
PURPOSE :
' To evaluate the nitrogen pressurisation and propellant tank systems in regard
to available nitrogen-.and usable propellants,
REMARKS :
Ses attached shaets,
DATA_RECORDED OM: Speedomax
81
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1.

2,

3.
be
5.
6.

Te

Be
9e

L.

2,
3.
L.

Shest 2 of 7

Test No. 1

The tanks weve filled with distilled HoQ up to the point of't.angency
between oylinder portions and domes us approximately 30 psig pressure
The tims required to f£ill the tanks was 7 min/LS sec. .
The N2 bottle was charged to 2000 psig. Leaks were noted at the inlet
port of the shutoff valve and at the "O" ring under the schrader valve.
The tests were run without asaling these leaks.

The 94 X domy pressure was vented.

The pressure and vent valve was placed in the pressurige position,

The No shutoff valve was opened.

The 9i4 X dome was adjusted to provide a Lropellant tank statio pressure
of 450 psig. The nitrogen system was recharged to 2100 paig.

_The system was flowed until the first indioation of gas at the outlet

wap noted, The hand valve (throttle valve nct available), was shut off
as soon as possible. The propsllént tank pressurs dropped to L30 psig
during the run. Thirty pounds of water were dischargoed during the run,
The source pressure prior to the run was 1900 psig. After the run the
source pressure was 950 psige The maximum flow was 1.L40 lbs/sesc of HoO,

The tanks wore vented by means of the pressure and vent valve,

The tanks wers drained and found to contain a residual of 1,5 pounds of
H20,

Teat No. &

The tanks were filled with distilled HoQ up to the point of tangency
between oylinder portions and domes using approximately 30 psig pressure,

The N bottle was charged to 2100 pasig.

The pressure and vent valve was placed in the pressurize position,

Tho Ny shutoff valve was opened at the rate of approximately 90° (full
open) in one socond and the tank pressure rose in & gradual manner with

no overshoot noted on the tank pressure gage. The tank pressure was
L50 psig.
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5. The system was flowed at full open until the first indication of zas at

the outlets, The hand valve was shut off as soon as possible. Thirty=-

threo and a quarter pounds of HoO were discharged. The sourse praessure
prior to the run was 1%00 psig. After the run the source pressure was

700 psig. The maximum flow was 1.92 pounds of H»0/sec., and was maine

tained for a total of 17.2 seconds. .

6+ The tanks were vented by means of the pressure and vent valve,

7. Te tank contained no residual water.

E‘E'Slb No. 3

1. The tanks were filled with distilled HpO up to a level of one inch alove
the done tangency point, using approximately 30 psig.

2, The Np bottle was sharged to 2150 psig.
3+ The pressure and vent valve was placed in the pressurize position,

L. The Np shutoff valve was opened at the rate of approximately 90° (full
open) iu one soocond and the tank pressure rose in a gradual manner with
no overshoot notoed on the tank pressure gage. The tank pressure wag
i50 paig. ‘ '

5., The systom was flowed at full open, until the first indication of gas at
bhe outlot. The hand walve was shut off au soon as possible. The
propellant btank prossure dropped to L10 psig during the run, Thirty-
four wid a quorter pounds of Ho0 were discharged. The source presuure
prilor to the run was 2000 psige. After the run the souroe prossure was
750 psdg. The gage downstromm of tho orifice was recording a pressure
of 170 puig. The maxinum flow was 1.89 lbs/sec and was maintained for
17.4 ooconds.

6. Tho tanks wore vented by moans of the pressure and vent valve,

T+ The lanks contained no residual water.

Tﬂt NO. h

St ey bttt

1. Tho tanks worae filled wlth distilled water up to a level of one inch
abovu the dome tangenoy poini :tiing approximately 30 psig.

2. 'The N» bolitle was charged to 2100 psig.

3« The prossure and vent valve was placed in the "vent" position.
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The N2 shutoff valve was opened.

The pressure and vent valve was put *n the preasurize position. The
propellant tank N2 pressure rose in a gradual mamner (slow rise), with
no ovevshoot iloted on the tank pressure gage to & pressure of 450 psig.
However, the regulator did not hold this pressure hut alloired the tank
pressure to very slowly creep up to 510 psige The source pressure
dropped to 1875 psig.

The pressure and vent valve was placed in the vent position, A little
HpO vapor was noticed leaving the vent line, '

The pressure and vent valve was placed in the’pressurize position, The
progellant tank No pressure waoa 250 psig. The source pressure dropped to
1775 psig.

The pressure and vent valve was placed in the vent position. A little
HoO vapor was noticed leaving the vent lins,

The pressure and veut valve was placed in the pressurize position and tha
system was flowed until about 22% of the original tank water was still in
the tanks. At this point the shuteff valve was clomed. Twenty«six and
three quarter pounds of watar were discharged. The source pressure prior
to the water flow was 1775 psig. The source pressure after the water
flow was 900 psig. -

The tanke were vented by using the presaure and vent valvu,

The syctem was repressurized with the remaining source pressure of 900
psigs There was no rise in static regulated tank pressure noted because
the source pressucvs and the tank pressure were both equal to 290 psig.

The hand valve wag opened and tne entire syatem allowed to deplete itself
of water and nitrogen. The propollant tanke contained 3l pounds of water
when thoy were filled for this run.

Tost No. 5

1.

2

3o
b

The N2 bottle was charged to 2100 psig.

The propellant tanks were filled with distilled water up to a level of
one inch above the dome bangency point using approximately 30 psig.

The piegsure and vent valve was placnd in the pressurize position,

The Np shutoff valve was opened.
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The dome pressurs of the 94 X regulator was raised until the relief valve
openeds. This pressure wag 600 psige The Np shutoff valve was shut off,

The Nz shutoff valve was opened and the relief valve was opened a few more
times. The opening pressure remained at 600 psig. This valve vas

subsequently rcset so that for 3 cycling operations it opened at 530 psiy,
and roseated at L65-L80 paig.
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0-600 psig

Sheet 7 of 7

@ Relief Valve

Pressure and

Check Valve

Vent Valve

R.| Regulator
Filter
;- H-,0» Tank
HyCp Tank Q@ Shut-0ff 2ve
Valve -
@ ] Charging
Valve
0-3000 psig (Schrader)'K\\~—’/)
N, Bottle
Shrike Floumater
Fill and | e Orifice
Drain Valve

Figure III-1,

0-100 psig
—™

Hand Valva .
(Substitutad {or Throttle Valve)

Schematic Dyagram - SRLD Syatem Distilled
Water Flow Test Satup,
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Appendix III. Nitrogen Pressure Regulator

ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheet 1 of 4

Test Item SN : Test No. B1232-1-3

Date November 24, 1960

Test Item SRLD

Work Order 6876~000
Test Engineer J. LaSpisa

Test Facility Cell D-6A
TEST:

Flowing of the Grove 94X Mity-Mite Regulator, reworked to RLO 8123-005, per
LTR 60-R-33. |

PURPOSE:

To obtain regulation and flow chai'acteristica of the regulator under various
cycle and flow tests and to establish a confidence level of reliability,

PROCEDURE :

The reguvlator was installed in a test system as represented in the following
~diapram: Hiese 0-1000 psig

0-5000 psig l@
. , 9-35-250
$-in ‘T Flowrator
5 micron line 3/e
H.V.31 filter 4
= line
- |
; o TN
v REE . \

| \

G

}‘E Total volume
(ke from regulator

Ter, ~ to hand valve "
VO]-tTank (” V. \ = '\ ~9 In-
DATA RECORDED ON: Speedomax :
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PROCEDURE: (Cont'd) Sheet 2 of 4

The regulator was tested in the following sequence:

B
2

3.
L.

5e

The regulator was acjusted to 457 psig pressure in a dead ended condition.

A seat lenkape test was conducted for 30 minutes at an inlet pressurs of
2150 psig and the outlet pressure desad ended in a 2,79 volume, A
Hiese page was used to monitor outlet pressure and pgas temporature was
monitored with thermocouples. '

The Jeat leakage was repeated at an inlet pressure of 850 psig.

The regulator was cycled 250 times by opening and closing hand valve #3 to
flow L2 scim at each cycle, At sach 25 cycles, the following parameters
wore recorded.

as Source pressure, regulated pressure and tempsratures abt dead ended
bOﬂditiOﬂBo

bs Source pressure, regulated pressure and temperatures while flowing
L2 sctm of Ny gaa,

ce Source pressure, regulated pressure and temperatures while flowing 62
sctm of Np gas.

d. Source pressure, regulated pressure and temperatures at dead ended

conditions,

At no timy during the 250 cycle test, was the source pressure in the 115 in’
tank, allowed to decay below 800 psig. ,

Stops nwibers 2 and 3 vwere repaated.

DATA AND RESULTS:

Leak test ab 2150 psig.

Elapsed Source Regulator Preasure Temperature
Time (min) Pressure (psig) (psig) (°F)

0 2150 : L56 57°

15 2150 Ls6 57°

30 2150 L56 57°
Leak tost at 850 _psige
Elapsed Source Ragulator Pressure Temperature
'I‘:Lmo (min) Pressure (psig) (psig) mx()e

0 850 L59 6L°

15 . 850 L60 68°

30 850 Léo 68°
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| Sheet 4 of &
Leak Test at 2150 psig.

Elapsed Source Regulator Pressure Temperature
Time (min) Pressure (psig) (psig) (°F)
0 2150 Ls1 70°
15 | 2150 L5 L°
30 2150 L57 73°
Leak Test at 850 psig.
Elapseﬁ Source Regulator Pressure Tempeiature
Time (rin) Pressure (psig) (psig) (°F)
0 850 L57 68°
15 850 161 72°
30 850 L63 12°

SUMMARY AND CONCLUSIONS$

Tank capacity of the L15 in3 source tank was sufficient to run 25 cycles
plus one cycle into instrumonts. The tank was rupressurized after every 25

" cycles.’

Regulated pressure dropped about 10 psi during flow at L2 scfm as comparad
to dead ended pressure, It dropped another 5 psl while flowing 62 scim., At
the ond of 250 cycles, the regulated preusure had dropped to hgo psig, rhich 1s
10 psi lower than the setting at the first cycle, This pressure is the minimum
setting requested in the L,T,R,, The lowest pressure recorded during flow, was
133 psip at 625 sefme This drop, of 17 psi from the minimum 50 psig setting,
was considered tolerable by the énmll Reckat Litt Device ungineers,

Cas temperature, at the outlet of the regulator dropped an average 10°F
during flow at each recorded cycle.

The summary of the data, shows that this regwlator should be satisfactory
for use in the Small Rocket Lift Devilce,
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Appendix IV. Accumulated Reliability Test Data
ROCKET LABCORATORY PRELIMINARY TEST REPORT

Teat Item SN

Date

1  Test No. 1n-1

thru ID- =

October 14, 1960

Test Engineer

F. A, Urbaniak

Sheat i

Test Item
Work Order

Test Faocllity

TEST:

Cas Generator

PURPOSE :

Conditioning of catalyst bed,

" REMARKS :

of 2

SRLD
2228-025

W-1

Test unit ran seven seconds of a scheduled 30-second run, Test was diacon-
tinued beocauss the nozzles shifted, causing the steam to miss the exhaust

ducts; consequently, filling the test cell with steam,
to the mounting bracket not being stiff enough. This is being corrected,

Nozzle shit't was due

Examination of the data disclosed that the unit did not reach stability.

DATA RECORDED CN:

kit

Speedomax
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i

e i o en st t

Q@I_.}_ 1{:1 Sheet 2 of 2
4 At = 72040 in? Test No. ID-1  to LD- -
! [TEST NO. LD-1 LD- LD- LU~ I.D=
. [ DURATICN oo 7.0
E eNURATICON  sec 7.0
Az “TIME OF DATA _ [tatle] B.5ptatic Statid Static Static] ]
." NP psig 268
4 [ FRP pelg 268
; [cled peig 278
_Y —FLP Pai 350
LpP psig | 459 | 320
- TP psig | W81 (419
- 7P psi 3.5
1
| W 1b/séc Z25
£ | YNT TR 31z *
‘;‘g KNT Oy 1 scdle
5 Gar OF 776 :
o Bk oF T
PFT OF !
5 o
. “', ' |
X XY OF |
; BT OF _‘
t’ Toy OF [ V4 [6H |
b !
F Tay, OF [ 72 [ 62 ‘
5
L [ Taq °F [ 71 ]528
3 o £/ sec
* F i)
- Isp sec
3 Woopr 5/ 860
" T oorr 16
| Pq Abg Corr
; 93
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v ROCKET LABCRATORY PREIIMINARY TEST REPORT

Shest 1 of 3

! Tast Item SN 1 Test No; LD-2 . thru LD.9 . Taest Item SRLD
o Dateé  October 17, 1960 ¢ ) Work Order 2228-025
_J Test Ehgineer F, A, Urhaniak ; Test Faocllity We1

TEST:
A

Gad4 Cenarator

1D-2 and =3 were made to condition the catalyst bed and determine the proper
tank pressure to set before the runs,

..7 ; PURPOSE :
:i i Catalyst bed conditiohing and initial gas generator assembly reliability runs.

N |
|

¥ i REMARKS ¢
I
|
|

Lh-4 through -9 were a series of 30-second runs maintaining a gas generator
pressure of 285 peig.

/ DATA RECORDED ON: Speedomax
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CELL W-1 Sheet 2 of 3
At = 7000 412 Tost No. ID-2  to ID- 6
[TTRST #C. D2 Thy 7 """“f.‘i’)‘.'.:l;’" o D5 116
TORATICN  sec 18,5 28,5 30.0 30,7 10,2
SDURATIAN _ sec 2.5 ) 84,0 114,7 44,9
TIME OF DATA __ Ftatic| 18,0ptatic| 28.0|Statid 29.45katic 30,7 Statial 29,
psig 26k 269 277 ok 269
psig [ |68 270 278 273 269
psig 279 277 264 282 277
psip 350 [ 369 382 330 378
psig | W52 | 360 | W77 | 389 | o8 | B0z 495 | hoh | %85 1555
psig | 56 |48 | 478 [W39 | 501 | 459 | 498 | 454 | 4oo | &4EO
pSi. 30.9 32.6 13.6 2.6 1.8
1b/sée 215 221 22/ 2,21 2.19
OF 560 B71 1382 1370 1381
OF 1382 1391 130 1380 1376
CF ‘hrratid 112k 1216 1289 1230
UI’;T
PEpm T mop e e m
HXT T oF
OF
— OF i sedle ™ BE) ~ oLy 1260 1267
Of UG o0 1097 11273 1160
OF | i wedlo B0 1304 1309 1303
fl./sec | - 2960 2959 PoLiQ
S 1 AU AN M N I A0 270, 1]~ 1265.9
g LT ) 1223 171.0
RN N B R R I ) 2231
L B Aol | 280,9]
bt o 3 Joe. 8 oo
95




CELL W-1 Sheet of 3
At = 2040 in? Test No. ID-7  to ID-9
RS o I5o7 58 L 1b=9 L. 1D- Tom
DURATICN sec 30,0 30,2 30.0
_STORATION sec | 17,9 2051 235.1
TIME (F DATA __ ©tatic]29.5 [itatic | 29 7 |Statid 29.5 |Static Statie
(T psi 273 275 £76
RNP— psig 273 276 271 _
o psig 281 282 265
_FLP aig 382 385 387
LP poig | Lol [ho2~ [LoT | Lo3 [%03 | Lo8
e pelg | o5 (LS5 | B0L | 160 [ 507 | 163
F_é'lf pai 32. 33.5 331
W 1b/ s 2,22 2,20 2425
TINT A 779 1385 1358
RRT OF 1388 1367 1360
aot OF 1350 155 1352
LY OF
PR OF
YT OF
BT OF
[ Tsq OF 1257 1277 1236
T8 il 1188 1171 11606
) oF 1291 178 1270
C* £t/ sec 12901 29110 2937
2 1b 269.7 272.0 272.9
Isp 860 121.5 121, 121.3
Woorp 10/ 580 2.33 Zh 230
Yoorr 1b 202,8 28l.2 283.7
Po Abs Corr 302.0 | 303, 303.0 ]
08

Y F b e vld M b umie 3 e
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ROCKET LARORATORY PRELIMINARY TEST REPQORT

o e

Sheet: 1 of 2

e et b W v~

Test Ttem SN 1 Test No, LD-10 thru 1D- 12 Test Item SRLD

Date October 18, 1960 Work Order 2228-025
Test Engineer  F, A. Urbaniak Test Facility W-1

TEST:

Gas Gensrator

PgEPOSE $

Reliability Testing of Oas Generator Assembly

REMARKS :

Runs 1D-10 and 11 were made maintaining a gas generator pressure of 285 psig.
From Run LD«~12 on, chamber pressure will be defined by Nozzle Pressure,

A1l three runs were smooth and wore of 30-gsecond duration each,

DATA RECCRDED CN: Speedomax




CELL W-1 Sheet 2 of 2

5 , Ab = 7000 4n? Test No. [D-10  to Inl2

B DO o 0 s e 75 46 N e 0 7 5 1L~ T
NURATTON 7 sea 3045 29.9 30.7.
. _EDIRATION _ gec | __265,6 29545 326,2 -
R TIFE o DAYK RTAELc] 30,0 pratio | 29.L |Statid 30.2 |Statis, i |Statig
' TP ol 57 273 279
) -. :’ | _mip puig 272 2l 279
' (TG psip 279 2(9 L)
1 it BRE 303 | 795
3 7 e BT I T 5 R S ]
,: TP psig| 502 | LS8 1805 | Lé1 |517 [ 471 '
AP psi 32.8 1 35.8 l 3h.1
} W b/ sbe 7oep 2.22 2.26 o
LR T350 1352 15
9 “RMT of 1356 1358 1356
- 8 ot °F 13382 3365 | aagk 1
| } y G . ]
1| PR O
f BT o
‘ \l TR OF i "}‘
OF 120 1235 1260
% oF 1157 1) 1230
ff; " ] N I R L 0G0 1270
‘ T R e 2911, 2016 20T L )
3 5 8 SOOI L% N 10NN I 5
2 TSSO SN 5 o ISR -1 9% I X Y B
1 LSRR 1 CC N IR P20 IR - IS DS N A -
1 e W a6 N DREURS VR AN | S ESN U S
A S T SN IER LN SRR B (1L B I Y —
BT I ; T e e e
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et

ROGKIE TAPQIRATE WY VRELT i 10 o

b iR e Lt A een Ree adeidrSeam s

Tost Ttem SN i Tast No. TD- 13 then IH- 1Y Test Tton

Date October 18, 1960 Work Ordax

Test BEngineer H, M. Graham, 2nd Shiit . Tost Facllity

TEST ¢
fodioidsel

30~gecond full thrust firings on the ras rovorston

PURPQOSE:

To dotermine the reliasbility of the pras generator aseaubly.

REMARKS :

Yo noticeable drop in nozzle progsuuve wap rovordad,

TATA PECCRDED ON: - Spredomax

b b ate e et aee e

g e Db

) of 2

P ]

SRID

S 8 17 s e

P208-021

LI e

Y1,

S e S to g

e




s e

g:!_T. }A_I-:__ Sheat, 2 of 2

AL = L7000 i Teant No. =13 4o L. 17 |
Lf'.i,‘_lzr;;f_'t_!:'s;__..._._‘...._.w L LN | R N A Ao |-y

DORATICN .+ e 10PN WD 215 S H 10 6 30,0
CSDURATICN moo | 35601 "j_w__ 386,6 NG hh( 0 1.77 0 .

TTHE CF ”’“51.,..'.1‘3.&&1.‘; CewpPlatic a8 T Statid 29,3 skati o 30,1 |staticl 29-5
| INP T paip 279 . 202 286 285 é?f*é.-_J
| RN i ] PLix) 287 205 205
UPT T TRsR 200 291 261 200 1720077
_FLP psig 396 103 108 107 1,08

P pede | 515 | Lol [ 22 | L26 [533 | h32 | 529 [ La8 | 533 [heg

TP gig [ 522 | L78 [ 520 | LBO [ 536 | LBB | 635 | LB7 | 536 | )60

AT psi 3L.1 35,0 35.7 35.7 35.7

W

2.31

INT T OF 1318 135% 1352 1352 1367
I OF T8 T 1365 [ 1360 1361, 1358
aaT F 1364 1359 1355 135 1355
[ FIT OF ' ]
AT “OF ":
EXT OF ]
BT OF
Tsq ~ Of 1267 1260 1265 1266 1275
Tso OF 1222 1230 1208 1211 1222
Ty OF 1276 1277 1291 1278 1270
CH rt/sec 2959 2950 2959 291y 2962 -
| P b 2764 278, 282,3 280. 281,k
| Tsm T sec 122, 122.2 122,2 1721.6 122,13
eorr . _Ib/Haa 2.3 231 2% 30 2.32 2.31
R Lo 283 2015 2832 _ L c02.8 287.3
P R Gare T [TTTTTI0RY {QULE MU o7 IO L5 3. SN K02 1Y
L” SRR TR S M I S NS R O




ROC{\'I'!?_l_‘“_T.M.’.OI?.A’I'ORY PRELIMINARY 1BST REPORT

Sheet 1 of 2
Tost Ttom Ox 1 Toobt Ne, ID- 18 thru 1D- 22 Tegt Item SRLD
Date  Oobobur 10, 1960 . Work Order 2228-025
Tase Bnpineev 7, A, Urbeovlalk , Test Facility V-1

(ag CGenorabor

PURPOSE :

Reliability testing of pasg wenerntor asrembly,

REMARKS :

Mera runs were of 30 seconds cache ALL werv mmooth and a prelimirary look at
the dats indieates that the valwws ato In tho warey axpoeatod,

On Run ID.22 the noige Joval ab approrirabaly e lecatdon at the pllot's head
wag chocked by a moter Lo ho 131 db,

DATA RECORDEL) ON:  Speedomax

10




CELL W-1 Sheet _ 2 of _ 2

At f_'.pjpfvngﬁmz Tost No. D 18 f,o In-_22
T e s T e
TRATICN  soc Bd"'i‘.’S— Y ‘/9 'y 5%7 B28.L
TIVE CF DATA Fitatlc] 30,0 [tatic [29,2 ‘fati 29.h_|Static 29,4 [statiel 28,9 |
INP psig 285 208 288 286 288
RNP pelg 285 288 1289 286 288
aoP psig 292 295 297 20 295
[~ TLP pslg 1,08 L10 Lk 0 132
| LP _ peig 529 429 1537 [h35 [ 5L0 [L37 5.3L|_T 2_Joko [L36 |
T psig 1537 Lok 15l Thoh 15L3 ko3 1536 [h9o 1513 [ L9Q
AP .___psi 3545 36,0 36,9 36,1 3549
W Tt/ 580 3,30 2,32 2,35 2.32 2,32 |
L"IIH’l‘ ‘ 1_3_5_1, 1353 1353 1355
RN __OF 1358 1358 1350 156 '
GGt °F [ 1361 1136% 37T 1379 1000 |.
- :
BT OF
- BXT 0
(BT F
Tey . 1320 1266 1267 1257 1239
8o OF 1269 — T 1230 122L; 12
Ts3 OF 1280 1258 1266 1281 1271
c* £t /sec 2957 2961 2928 PEIN 2961
¥ b | [286,5 2831 LN 2818 23,7
Isp sec 127,1 122.3 120.9 121.5 122,.3
Weorr 1/ sec 2,31 2,32 | 12,33 2,32 223 |
oo T6 81,8 2837 28223 B1,8" 202
e Abg Corr 30%,0 303.0 30L.5 30L.0 _1302,0]
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ROCKET LABORATORY PRELIMINARY TEST REPORT

or oy o FAET

Sheetﬂ 1 6f 2

Teat Ttem SN 1  Test No, LD- 23  +hru ILD- 27 | Test Item SRLD

v

‘- Date  October 19, 1960 Work Order 2228-025
: Teat Engineer He M, Graham ' Teat Faocllity W-1
3 v ——————

TESTH
wyre—

Gas Generator

PURPOSE :
Rellabllity testing of the Gas UGenerator Assembly,

_REMARKS :
All rungs smooth and normal,

30=gecond full thrust firinge.

DATA RECORDED ON: Speedomax

103
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B T N A L

gttt in ol MY R v an L

CIHLL W-1 Sheet 2 of 2
At = 2000 4n? Tost No. ID- 23  to ID- 27
TERST NCL A N N T T R & ST S v o Th-27
DURATICN 50¢ 30.1 29,1 29.8 2946 . 2944
| SOURNTICN sco 5645 686,42 716.0 705.8 7153
UTME OF DATA___ PEatie] g9 6Ptatic| 29,p]5tabid 29,3 [Statio 29,3 Istatiol 29,01
WA psig 284 206 287 285 282 |
~TNP psig 286 286 286 285 203
LGP psig 293 294 293 292 i
_TLP peig 0.0 110 410 IG) ;@_ﬁ
i peig [ 535 [ WL [ 530 | 3L | 537 | oL (53 | 132 | 530 | 129
Wi Polg | 539 | W89 [ Bl | Liov (536 | LB9 [536 | JRo | ©33 | Loz |
AP TH 35:2 36,0 358 35.9 1309
W T 2,29 2,32 2,30 2432 2,26 |
T T 1388 1350 1353 1353 137
[RNT oF 1350 .. |T36L 1356 K] 1350
aaT oF | 1376 137 1373 g 10
CTFLT OF '
_PFT
e .
" OF
Toq OF 1272 1‘230 [1278 FLZ_’Z]_ 1261,
) oF 1219 122 122 1218 1226
Taq O 1256 12617 1270 251, 1262
¥ ft/sec 2980 2 2972 931 2998
F 15 2BL.8 201.0 20243 750.9 37
Top T SEERN) 12,3 15247 ") 1724
[Woorr___1b/8ed .29 PP 230 <32 2430 |
Foorr . 1b cbl,0 |, 201,80 80.9 2R1.)
Pg Abs Corr 301,0 301,0 01,5 00.0 100.5
104
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ROCKET LABORATORY I'RELIMINARY TEST REPORT

Sheet' ' l of 3

Test Item SN _1' Tast No, ID- 28 thru LD- 33 Test Item SRLD Y
s ' T Lo A ————
Date  October 20, 1960 — Work Ordsr 2228-025
Test Engineer __F, A, Urbaniak . Tebt Facility W-1
TEST ¢
Oas Gonerator
PURPOSE:

Reliability testing of the gas generator assembly,

v

REMARKS ¢
L

These runs were for 30 seconds each, There was no noticeable change :Ln
performance, '

The nols¢ level between the nozzle exits way checked on run LD=28 to be
133.5 db, .

v DATA RECORDED ON: Speedomax

106
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CHLY W-1 Shect 2 of 3

e 0"0 e tort o | (- 28 to b 33 S
e e [ e TR
- TYWRATION oo 865,06 eV ”"’m;’ 8 895,58 92542
IV S DARK T FakTo] 29,0 [Ttatic,| 29s6|Statid 29s6 |Static 29.2 mﬂ}) [ 29,2
T Tein 58 1288 363 788 29
_ paip 287 287 286 2086 yoN
oge PEig B9l] 291, 292 292 10
. FLP palg S1L INFR 110 5T L2l
Tf N peig | 537 [L32 | 5Lo [L35 [539 (138 536 [hal |80 | LL7
TP Psig [ g39 |ligo | ez [egy | BWO |LB8 |BIL Lo LT | 506
' AP Bl | 36,1 3549 RS 358 38,0
3 AN 7 [ . 7,32 2.3 ST zar |
. ) A T I ) N F o1 ] |
| RNT oF 1356 MNEY; 1350 .. T |
3 T S T30 )20 N )5 0 R 551 |
Bt y - -
5 [PET “TOF J
g oF
‘ l’h'r OF
o1 F 1303 IREvITN 1212 50 1251,
E 7 oF 1238 1223 1225 FPER) 1226
'* oy OF 1275 1250 250 122 1216
i C* ft/gec 2901, 2916 2936 |ag6a 2951
' - i 20158 25723 729 I 2 2688
E “Tan 5e0 T 007 Mz 7I%) 179
- Wogrr 15/ 568 .30 7 52 | a0 2.32 |
| Moo 16 2L L0 8L 0.5 | Al
¢ Abs Gorr 300:5 300:5 30055 30:0 o] |




CRLY, W-1 Sheet 3 of 3

Moz moho an? . Tost No. [D-20  to ID- 33
| ewse v, SR 1 0 ¥ N I S it ¢ A 7= W ]
MRATTOM $00 291
3 LSPURRITON - goe 951149
N TIE W PAFR ™ BEAELC | £9e2 PLAtLo Statd Static Statdn
; L Y 36 ' ]
a | RN peig 587
1 ?,' P Pelg 753
' THP T pelE T3
1P psig | 539 6
T psig | oh2 | h93
s psi 35.8
W 1b/sec 231
bl RN —OF” 1307
i | Qqar _F 1361
Rihy o
] —OF
Ii ' | TXT ~OF
[ BT oF
‘l Teq A ~ OF 1238
[T's5 ~OF 1217
Tay Op 1242
C* fi/sec 2909
7 ST i
_1sp BeC L2242 '
Weopr 10/ sec 2430
Yoorw 1b 200.9 ) '
! g Aba Corr 300,0
]
]
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'ROCKET LADORATORY PRELIMINARY TEST REPORT

. ' Sheet 1 of 2

Test Ttem SN 1 Test No, ID- 3l thru LD- 38  Teat Item SRLD .

;j Date October 20, 1960 Work Order 2228.025
’ Test Engineer _ H. M.Graham Test Facility W-i
TEST!

Gas Generator

i PURPOSE !

. | Reliability testing of the gas generator assembly,

¥ .

| TR D

' REMARKS |

4 Setup tank premsure for all runs was 535 psig., No notlceable drop in noszzle
pressures ocourred during this five (30-sec) run neries, v

y ( .

DATA RECORDED ON: Speedomax

;. 108
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CHLY, W-1 Sheet 2 of 2

At = 7000 4n? Tost No. 1D- 34  to 1n- 38
| i B T B T R ST
) TORATICN — see 290 29,9 29,8 301 30,0
- ‘%”é“?i%‘?m"“ %atxzehé?a.g ‘itn]'ﬁ'%}:m%?.k Stat’i.}: 029,;_ &hﬁ_ﬁg_ ]
TN peig 282 i) 28 283 , 28,
Rl T M ) 285 20 N 28
GGr psig 290 206 292 291 293
¥IF pal Lo7 |08 0 ) 09
P psig | 3L |29 | 534 B30 | 535 [h32 | 535 [IoL 132
M Peig | 532 |83 | 539 L0 | 537 LB | 538 L6 168 |
i —pei k)Y 35.2 5.8 3heT 35e5 |
1 W T6/s%¢ 2.28 229 2,30 2,28 2,30
L ' 7,350 1358, 13l7 1356
i | _ENT °F 13L5 1302 1350 1338 1AL7
| i - aat OF 1358 _|T38L 1365 FE)
o an
§ oF
X o .
BT OF
KU 1251 1258 —[125h 1256 - =
\ | Taz 1233 12 1236 1233 = 4
. ‘ Ts3 °F 1256 57 52 1218 o
§ G ft/sec 5953 2950 2 o8 29LT
- ¥ 1o 27841, 279.0 2680, 27945 280,
- Isp _sec 122.0 121,8 21,9 22,8 121.7 r
| Woory 1b/sec 2,29 230 2.0 .28 2,30 :
. 5 'T,__EpL _ 10 279.5 280,0 80,1 50,0 2
| [ Fs Hba Corr 2985 |0 5.5 520 555




CELL W-1 Sheet 2 ‘of 2
K= oo a2 . Yoot Mo 1o M o 1p- 38
R T TR 3T it e T
DURATICN __soc 29,1t 29,9 29,8, 30, 30,9
%?&%Agygmmm f;Enti%Bh'z'?i.g sm%"‘%g.u St’fﬁ,ﬁ.: 029.1 iﬂ;ﬂﬁg_& ]
A poig i) i) 28L 203 280
Bill; peLe 202 283 285 _ 28l 26l
[T Palg 290 286 292 291 293
TP pelig ;07 ~ |18 130 L9 109
TP “peip | 531 |29 | 5L B30 | 535 |32 | 535 L1 L32
TP pelE | 532 L8 1539 |Lso | 537 |17 536 186 LG8
4P pel )Ty 35.2 35.8 KA 35,5
W T6/ s8¢0 2.28 2429 2,30 2,28 2,30
[ INT 13LL 1350 1358 13L7 1386
RET OF 1309 1302 1338 1307
GoT °F 1358 EEL 1365 1351 1318
Y —Of
e OF
Rty oF
BT OF
“Fag OF 1351 1256 Eﬂ 11256 - -
s o \FX; I S PV 1536 11233 g
Tea O 1256 1257 1252 Ld -
c* {t/sec 2953 0 | [29v2 a8 2917
F —1b 278,1 279,0 280,4 12795 280.0
Isp 880 122.0 121,68 21.9 2.6 121.7
| Woory _1b/sec 2429 2,30 230 28 2,30
[ Toor __1p 279.8 280,0 80,1 80.0
| Fo Abs oz 3L I N 35T 59.5 5.0 555
109
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ROCKET TABORATORY PRELTMINARY TEST REPORT

ij | Shoot. 1 of 2

Test Item SN i1  Test No, ID- 39 thru LD- U3 Test Item SRLD

Date Outober 21, 1960 : Work Order 2228-025
Test Ehgineer . A, Urbanigk, let shift Test Facility W-1

TEST:

Gas generator

PURPOSE:
Rellobility testing of the gas generntor assembly,

REMARKS
 No noticeable drop in nozule premsure wag recorded in these runaz,

left nozzle tomporature did nol record during runs ID-)0 and hl.
(30~gacond duration firdngs).:

DATA RECORDED ON: Speedomax

110

”,“mwmﬂiv‘wl'»”" ALt b . PN R T T . . o . e . BT N T P R IR TR 3 1

ok,




Mgy Ve
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LEARASA S [
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M‘i"""‘g ORI TS

At = o0 an® o Tost Neu 1D- 39 tefd-d3
L et a1 e 1t 2 i ot 2
B S;‘QII:A(E:'(\::A'I‘ASPE iTa t.\]cng99'-5 :l,n]i];éch.g9 9 .‘31;]51‘3].!(':.39 5 S%%;%)%’ 229 I Tat 1;25.) ‘29 3
. o a Statie oll [Gtntie .
A0y palg 385 ~ 128y 288 285 205
RNB psig o8l 128 288 205 285
Lty P5ig 292 291 295 292 29L |
_TLP paig il 1109 115 111 110
P polg [ 533" 1130 1933 132 237 [136 T53L (32 |53z |lpz |
il pefg | L0 |T90 [539 [L90 |52 Lo 1539 |L50 [538 | LB
| AP _psd 3545 3545 36,3 35,5 35,4
W T6/st0 2.30 2.30 2,33 2,30 2429
INT R {1352 -~ - - -
Rl 1350 1360 T 1370 1358
6aT °F 1359 J33L7 3I, 82 1386 |
Bty o ' '
[ PFT OF
EXT il
BT OF
| Tsy °F 125L 1206 12L7 L8 1268
[ Tsp oF 1256 1221 1221 1167 1206
Tsq oF 1252 1203, 1238 1261, 12117
c* ft/sec 2952 2952 2918 |2957 297%
F b 280,14 280,10 (283,17 [280.9 281.L
Tap o _ges |9y Y T7L.8 22,1 122,9 |
Woorr 15/ 530 2430 2.30 231 2,30 2,29
[ Toore 16 280,0 260.9 L PAOIT 2811
|_Pe Abs Corr 299,0 300,0 30045 29929 300
111




' ROCKET LABORATORY PRELTMINARY TEST REPORT

Sheet 1l of 2

Teat Ttem SN _ 1 Test No, LD- L  thru ID-. L7  Test Ites SRLD

Date October 21, 1260. 2nd shift , Work Order 2228—02§
Test Engineer H, M, Graham ' Test Facility W-1

TEST:

Gas Cenerator

‘ PURPOSE :

i t— e o T

Reliability testing of the gas generator assembly.

REMARXS :

No noticeable drop in nozzle pressure was recorded in these runs (30-second
duration firings), '

DATA RECORDED ON: Speedomax




o CELL W-i Sheet _2__of _2
At = 7000 1n? Test No. ID- Ll to Ip- L7 _ ,
I TEST N0, SN 0 D S R ¥ 0. L7 TDw
: DURATION _ seo 30,0 20 1 29,2 1 305
: | I T DT Btae ] S5 Tt [ 25 sf'atﬁ;il_zz@_ St |
. I peig 38l 286 288 287 ]
] | R PolE | 283 285, 205 208 '_!
; i noP PelE 3! 1253 292 PN
: . | FLP pelg 410 155N
| P peig (5% _|T33 | 5 (ol S T 1
P TP Pete [538 L9 | SlZ (Lol | %38 L85 [l [Ioh 1
] I &F Pl 1350 5.6 FH %0 |
. I Ww_____ lbjsec 229 2,30 2,30 2,38 1
E o = . . =
| | e e e
! oot ~oF 1330 T80 L N -3 5
. I PFT —op-
S EXT OF
' | BT F .
[ T8y oF 1268 126 1271 1256 .
3 i Tz il S G V3 CILI g
' Ts3 8 T i) im'b‘“ 1216
G fifsee 2955 [2567 I3
‘ l T o 1279.5 281 oL _1262.3
o ' Tep —pe0 122,1 1223 jazz.s : 21.7
1 . Weorr _1b/seo 2,29 2,30 ]rg_,_g9
‘ ;o ' Foorr 16 2195 ] 2BL.L A | bAL |
1) : | Bc Abs Corr 298,5 00,0 00,0 00,5
i
] ! 113




ROCKET LABCRATORY PRELIMINARY TEST REPORT

Sheat 1 of 2

Date October 27, 1960, 1st Shifd Work Order 2228—022
Test Engineer L, Goldschlag . Test Facility Ww-1

I Test Ttem SN _ 1 Test No, LD- )8 thruLD- ‘Test Item SRLD

TEST:

- Gas Generator Assembly.

j PURPOSE ;

Reliabilify testing of the gas generator assembly and detormination of torque
required to move the swivel nozzle assembly.

REMARKS :

Prior t. this test the swivel nozzles and manual remote actuating rod were ine
stalled on the test assembly. Thermocouples for measuring the propellant feed 4
tempexature and for measuring the temperature of the 1lift ring mount braoket . R
were also installed.

No noticeable drop in nozzle pruvgsure was recorded in this run, ILeft nozzle
temperature did not record.

Tank pressure wag increased in several steps.

DATA RECCRDED ON: Speedomax
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At = 2000 An”

uliln, W=l

Tost No, Th- I

B to 'l.h_-h

sheot, 2

of 2

[Cuse e _Ih= W] e Wy T, 1D, e
AIRATTEN — nac L7.0 N e -
_XNRATTON  gec | 142049
TIVE O DATA atic| L0.0 20,0 | oD T8Eat)d Statd.o Statio
TND palg 176 248 1320
RND palp Wi 248 1321
¢feie psig 183 257 1331
¥IP 75iE 250 | 350 | L6 1
P psig | 296 | 259 | 370 [Lg2 55'
| TP psig | SO0 [ 287 | li6 [ 566 ;,
P pal 18,6 | 38,7 16,7
W 1b/s&c 1,56 | 2,09 [2,62
TNT TTOF ost_ | 1131 | 1153 ,
[ RNT oY 1 Open Thermo touple L‘ |
oar OF 1L06_| L1508 [10IL
FLT OF .
BT OF [ 63 (56 [ 5659
e 5 +— 3§
BT OrF | 6 66 11 90
| Tsq " CF . l
| Ts, OF
Ts3 °F ]
C* ft/sec 2783 | 2853 [2903
F 1b 179,3 | 20642{31L,1
Isp sec 114,91 117,8/119,9
Woore  16/560 AT {2050
P15 SIS BT5E (2070 k
Po Abs Corr RT1eb 291,80 | 307e0 }
1
3
115
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ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheat 1l of 2

Test Item SN 11  Test No, LD- L9 thru TD- Test Item SRLD

Date __ Ostober 27, 1960 , Work Order 2228-025
Test Engineer _ 1, P, Silso, 2nd Shift Test Facility W1
TEST ¢

Gas Genqrator

PURPOSZ:

Raliasbility testing of the pas generator assembly.

REMARKS :

No notlceable drop in nozzle pressure was recorded in this run (Jo-second
duration firing).

DATA RECORDED ON: Speedomax
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S E R

M:l S$heet 2 of 2
A= o0n0 in? Tost Moo D= h9  to ID-
R | e L T R
NURATTCON 500 2949 i
SWURATICN 800 | 11150,0 o o
TIVE OF DATA [itatice] 29, btnbid Statid Statig Statio
1NP psig 285
MLl Paig 205
T1oP palg 293
|_FLP psig 130
P Seig S 1155
TP psig | 5L0 | 1188
AP psl 35.8
W 16/ s8¢ 2,31
INT O 1316
| HNT OF1 Open [Fhermodouple
0aT OF 1394
Wat) O
[ PFT SF[ oL |83
| EXT OF
BT OF | 55|11
[ Tsy —OF
T8» IR
Ts3 Op
_C* ft/sec 29LL
¥ To 706+
Isp 860 12140
Weorr _ 1b/sec 2431
Soorr 1b 280,9 '
Pe_Abs Corr 30040




ROCKET LABORATORY PRELIMINARY TEST REPORT

¥, , Sheet 1 of )}

Tost Item SN 1 Test No. LD~ 50 . thru ID- 53 Test Item SRLD
Date October 28, 1960

. Work Order 2228-025

Test Engineer L,Ooldschlag, lst Shift Test Facility Wi
TEST:

Gas Generator Assembly

PURPOSE :

Reliability testing of the gas generator assembly.

REMARKS ¢

No noticeable drop in nozzle pressure was recorded in these runs (30-seco
i‘iringa ) .

DATA RECORDED ON: Speedomax




M VYT A LIRIVAS L N Foe
———— o b e o

At = 2000 4n? Toat No. TD- 50 to ID- 53

" SURANFTCN . soc | LIiDL.d 51,1 e ;5"'1’1’.1
TV 1 DATA fEatic] 29.9ptatic| 29 I Statid gg_,ismti%r 29,5 I5tatie
TNP peig 366 1388 208 263
il Pig 287 283 288 281,
e Pelg 290, 291, 292 2
FIP peig L5 1,08 i1 L12
LP peig [537 | I35 | 5e9 [L3L | 531 |L32 530 [L30 _ .
| TP paig (B3 | W92 | 536 |[L88 | 6LO |92 | h90 |53t
AP __psi 35,7 35,1 358 35,6
W Tb/séc 230 2,28 2430 2,30
LAY "R 11336 1330 1362 1338
[ RNT OF T No Repord 1338 1276 1340
aar bl 1351 TI370 33 1367
~FIT————F ' '
R v 3L 667 1B | 70 B[ 6 [
DXT OF
BT “OF | 53 |k |63 (86 85188 73|86 ]
ECTOE OF
s, OF a
Ts Op
C* £t /sec 2912 2958 2957 1292 .
¥ 1o 202.3 2705 260,9 -
Tsp Bo0 122,71 102,1 122.1 rzlﬁ-.?
Woorr 15/ 880 2.8 7.0 2230 3,39
Tor 16 28020 YD LA N 75 15 AN
Pg Abs Corr 299,0 298,5 32245___‘__1297.5 ‘}
119
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ROCKET ".4GORATORY PRELIMINARY TEST REPORT

Sheet _ 1 of 3

Test Ttem SN _ 1! Test Mo, ID--5h thruID- 61  Test Ttem SKLD

Date __ October 26, 1560 ‘ © Work Order 2228-025
Test Engineer __ L. P. Sileo, 2nd Shift _ Test Facility W-i

TEST:
Gas Generator Assembly

PUORPOSE:

ey W e R P gy s —_

Reliability testing of the gus gersrator assembly, ]

REMARKS :

e

No mticeable drop in noszle pressure was recordsd (30-second duration firings),.

DATA RECORDED ON: Speedomax
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Ay it »

Q@_[:I_.)"{._lt_ AneaG o oL 2
At = 7000 in” Past No. th- Bl Lo [D- 6L
0T OO I £ T N VOO P M I £ AN N % -
NURATTON g0C 29,0 29,9 :}.(_},_Q__ 30,1 291
| SDURATION. gna | 1600.0 1630.5. 10613 16914y 17211
TIME OF DAFA " BBt te | #9.0 [Tatic | 29,0 [hatid 30:3 [Stabio 2946 lotatial 29,2
; LNF Y IR /O A 08 I - WO O -1: 28 |
Rl paif 201 206 2Bl 20l 288
Ll i 293 295 291 292 292
| Mt PHiE Ll i3 69 T31 hE]
¥ LP peip 1538 |37 | Ght |36 |53z (b33 [525 (L35 {538 [ h34 |
) B3 petg [ || 33 [L95 [ 536 W9 |53 |lge _[Sla | 189
&P pel 363 36,3 351 13640 g
| W Tb7 abe 5232 3233 .28 2.3 ISy
Ry L) 1318 1353 135L 1352 1355
[ RNT™ oF 135% 1350 1332 1338 k) |
. aoT °F 1379 13389 1367 1372 1358
i ¥ OF
'. i oF 189 156 |67 |85 |72 [h__ 186 |53 |57 %2
T OF '
BT oF
".',' Tay OF
{ [ Tss “Op
:. | Tsa_ Op
P | oL Ft /50 515 5530, 5950 7532 3535
F 1b 26243 26101 279.5 260.0 291.6
Tsp 800 21T 0. 7.6 0.7 11,3
Woorr 16/ 800 5230 2,32 2,20 2,32 2431
Toorr 15 2001 280.0 280,0 21945 280,0
Pq_Abg Corr 299,58 299.0 29940 98,5 299.0
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! CHLL W-1 Sheat 3~ of _3_
* ’ At = 2040 4n® .. Tust No, ID- 5k to ID- 61
| el e e e e
l %A&ﬁw%s)r -stnli?r%o'gm sﬁ%ﬁ go.o Static L0.9 [Statio
) ' IR pslg 285 283 261 28L
.. TP Peig R . 285 288
| P Pelg| (293 291 291 29,
‘ I Ny Peig hk} s 13 103,
| LP, paip 1538 | [135 536 |33 [535 [L36 :
| T Tele (30 [ 150 598, |lgo | 538 |ige T3
| - AR T 36,2 35,7 36,2 30,2
l W Tofedc | _[2,33 2.30 2,33 2,33 _
' o TG )N 1330 T332
! TRNT OF" 316 T3 T30 I
| aat ~oF T3 I3 B3 N .
(T n
:'_; l | PIT OF 56 52 T 150 &3 [50 50
»Z« BT ~Of .
L 1 [ e
. a5 o
- ' T8 Op
‘ c filseg. 2975 3 251% 351 i
N ¥ | [280,F 27945 280,1; 1280, -
‘ [ “Tap Ses 20,1 21,5 T70.3 263
Z2.33 230 232 2.2 N
280,0 219:5 1279.0 | _J279.0
299.0 ' 298.5 298,0. _1298,0
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' ROCKET LABORATORY PRELIMINARY TEST REPORT

Shest 1 of 2

Test Item SN 1 Test No. LD- 62  thru ID-. 65 ° Test Item SRID

Date __ October 31, 1960 . Work -Order = 2228-025
Test Engineer __ L, Goldschlag, lst Shifé  Test Facility 'W-1

TEST:
'Gas Oenerator Assembly.

PURPOSE:

Reliability testing of the gas gsnerator assembly,

REMARKS :
No noticeable drop in nozzle pressure -was recorded (30-second duration fivings).

DATA RECORDED ON: Speedomax |
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eumsm GuEEmy SUlE $2SUEE PN ENEE @ aENE SN SEE NN O SEe

CELL W-1 Sheet 2 of 2
A = 2000 §n Tost No. 1D-62  to ID- 65
RS NG, Th- 62 [ 1Ba 63 | Ibe 6l 1D- 65 T
DIRATTON 500 29,6 _29.8 0.5 30.4
LMURATICN — sec 1851..9 1881,7 _1912.2 19l2.6
TIVE OF DATA statlc] 29,1 [tatic] 29,3 Static})g,_LTSt t stabdol __}
TP PeiE 281, 281, 286 287
[ Te peig | 280 262 287 266
TP psig 291 289 298 292
—YLP peig 2 L10 L3 13
P “psig| 530 [L37 [533 |L35 | 42 1560 1Lld
P palg | 538|153 532 (W66 | 539 |WpZ |30 53
| AP psi. 3546 3543 36,5 36,14
- 6 a80 2,30 2.99 2,30 2
e : 36 {159
R oF E K20 N7
GaT °F i 13356 28
T |
| 0 3 7 N 5 Bl
IR 56 661 |58 1596 | 6L o8k [ &%
B oF '
T OF
T8 OF
Tey OF
c* rt/ulc 29T 2950 1gm *933
¥ 1b 280.0 279,0 82,3 [ R0R.3
p gec 121,7 121,08 1.20,6 1s2
[Woarr __ 1b/sec 2,29 2,29 3 232
Foarr 16 279.0 279.0 80.9 60,9
ém. 398.0 795,0 5.0 00,0
124
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-’ ROUKET LABORATORY PRELIMINARY TEST REPORT

Sheet . 1 of 3

Test Ttem S§ _ 1 _ Test No,:LD-66 _ thruID- 72 Test-Item .SRLD

Date _ October 31, 1060 ___ . Work Order 2228-025

Test Engineer  _ 1. Sileo, ond Shift  Tesb Facility Wi

TEST:
Gas Generator Ausémbly_.

PURPOSE :

Reliability testing of the'gu gemerator amssembly.

REMARKS :
No noticeabls drop in noszle pressure was recordsd (30-second duration firings).

DATA RECORDED ON: Speedomax - . |
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CELL W-1 shoet 2 of 3
At = 7040 in? Tost No. 1D- 66 to ID- 72 , A
TTHST RO, B 68 [T 67 | LD= 60 T, 70
S T N S PSS 1 "—"""6%327 2o§§;5 n
TTHE €T DATA static] 29,1°btatic [ 31,2 |Statid3l,5 [Static 30,7 IStatiol 3043 |
TP peip 287 285 1287 288 286
TINP peig 287 283 286 287 205
TP psig 292 289 292 292 292
YR psig 116 410 :
LP peig (540 [Lho 1530 1h3o [53L 35 1536 [L36 [535 | L4t
™ pate [SW_[T5 1537|150 (538 Lo 538 [lgL (ko | lgn |
AP . psi 351 35.4 3640 13640 35.8
" 1bfsec 2,30 2,29 232 2232 2.31
IR "F K} BR)S EI] 307 1350
Ry OF 331 1332 1331 11320 2
0T F |Unreliable 13382 FEYT) 1362 1370
e —
T oF 55 185 8 (55 |72 Bl |Umrelistis |88 5%
O
BT Op
ECu OF
Tso “F
Ts3 OF —
CH ft/sec 2977 2960 2946 2 2949 |
¥ 5 iy 280.0 L 7%) 38243 281.% |
Tsp sec 127.9 122.3 21.7 21,7 121,
Woorr __1b/s68 2.28 1. 2.29 2.30 2,31 2.3C
Foorr 15 280.0 280.0 280,14 80.9 280.0
| Pc Abg Corr 299,0 299,90 29945 0040 299.0
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ST W-1 Sheet 3 of 3

| : M .70h0 10 Test No, Th- 66 to 1D~ 72
B o T £ A At # N 7 s = S s 7 I
PURATICN -+ sce 30.6 30.3 '
l T SHURRTTCN  soc 2120.1 2150.L
TIYE G DATA slatic] 30,1 ptatic | 99,8 | Statid Statig Static
' NP psip 207 289
4 | i PoiE 788 209
. l P psig 206 294
. ' , Mt Pele 515 Yy
i i peig | 560 [GRL [ Sh5 (IS
| I V3 L A R
;: AP “psi 3642 1364 I'
E W T/ 880 2933 2.33
E INT ~OF 11350 1348
i RNT oF 1351 1330
aar °F 1361 11366
b FLT oF
b [PFT F188 Ly |68 k9
i& TR o
; [ BT OF
Tsy OF
ey OF
T8 OF
C* ft./sec 2943 2958
¥ 15 283.2 28L1,6
Isp gec 121,6 122,2
[ Foarr __T6/sec PR 2430
‘ 5: F TS AN 200
al_Pg Aba Corp 299.5 J00.5
8
b
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ROCKET L4BORATCRY PRELIMIMARY TEST REPORT

Sheet 1 of 2

Test Ttem SN 1  Tedt No, ID- 73  thria ID~ 77 Test.Item SRLD

Date __November 1, 1960 . Work-Order 2228085
Test Engineer _ I, Goldschlag, 1lst Shift ' Test Facility W-1

TEST:

" Gas Ganemtor Assembly

. PURPOSE:-

Reliability testing of the gas generator asrembly,

REMARKS :

—— ep—

No noticeable drop in nozzle pressure was recorded (30-second duration firings),

DATA RECORDED ON:. Spsedomax
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PR

ORLL W-1 sheot _2 _ of _2
At = 2000 4nf Tosit No, Th- 73  to - 77
ThaT O, R S 7 | N T 7 - 11
DURATION — sec 30.3 30,0 29,1 30,72 30,5
SNURATICN  soc | 2188, 7 2218,7 2218,1 2278,6 2309,1
TIME CF DATA __Btatie] 29,8 Btatic | 29.5 |Statdid 29,2 [Statie29.7 |Statiol 30,0
INP peif 508 |28 268 280 1266
“RNP Psig | 288 287 287 208 285
P peig 292 292 292 293 290
TP pelg. L L1k 1L 16 e i
I8 psiz | 534 [T@L | 538|138 [ 539 (I35 536 |39 | Unreldable
M peig | 539 |lgh | 539 |Lo6 | oLy [Lgp |538 Loz 835 | Loe
P psi 36.3 36,2 36,5 36,1 1358
AN\ 71T 2.3 7,33 N 533 7L |
(IR TR 1330 1300 2313 13l 1413
RNT “OF o 1368 1337 129 1353
| _GGT °F 1326 11369 1361, 1379 1395
—m - ”
T T3 [5r 38 52 180 53 |55 153 | % |52
EXT OF = [- 55 [Lvz |53 |uee |5 WAL [ 52 395 |
B Op
[Tsy OF
85 ~oF
Tan OF
| C* ft/ge0 2918 2913 2931 2708 29L9
F 15 28347 583,2 262.3 BT 200
| Isp __gec 121, 121,68 121,0 PLal.B 121.8
Woore Tb/sec 2431 2,31 2,32 F.}L_
[ Eeopy 1b 281, 201, L 281,k _1280,9: 280,11
Corx 301,0 30045 3005 100.0 299.5
.
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ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheet 1 of 3

Test Item SN 1  Test Fo. ID- 78 . thru tp- 83 Test Item SRLD
Date __ November 1, 1960 - Work Order 2228-025
Test. Engineer L, P, Sileo

Test Facllity W-i ;

TEST: .
Gas Generator Assembly

PURPOSE:

Reliability t.aafing of the gas gensrator assembly.

‘HEMARESr

No noticeable drop in nozsle pressure was recorded (30-second duration firings),

DATA RECORDED ON: Speedomax
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| CBLY, W=1 Sheet 9 of 3
. | e gl e D te B B,
bl TEST NC, D~ 18 1= (9 1D~ 80 I.D= OL In- 82
, TORATION __ soe [ 30,9 30,5 31,0 30,5 306
Ny SNRATION  soe | 23L0.0 237065 21401:'5’ | _2l32,0 2462 46
y - l [TIMD oF DATA _[Static] 30,1 Pratic|30.0 [Statid 30.5[Static 30.0 Gtatiol 30.1 |
' TR peig il 285 288 208 200
' il PSIg 206 208 788 208 2
I L R T T3 552 zoL; 2L, 29k 293
" FLP psig LT3 113 L1l ik 7 |
l ) peig | _5,2,3ﬁ 133 | 538 |36 | 540 [h37  |837 W37 1536 1L37 |
T petg | 538 [Lyo | Bz |96 | o3 (BT [L95 [BL0 [ Tiok |
. | 3 Dl IV 356 ®E 69 36,0 |
| | L Tofs8e 2,33 2430 2,30 5 Tz 2
IR S 1153 1352 1356 1350 — 13314 '
| Rl 58 T 1338 P I35
] ' aar °F 3393 375 375 | 38 1382
3 Baiy oF ‘
-i-'{ ' R ol A S 2 SR N O ) 53 |52
ﬂ ‘,....EXT
) l BT oF
1 a5y oF
; ’ [Ts, OfF
’ l Tsq OF .
- c* £t/ 2933 2940 2935 3 2061
B | F o [ 1385.3) 28 287 2837 281,
‘; ' TTap 200 125.7 125 1712 20.7 122,
' | Woorr  1b/sec 2,32 233 2032 2,33 | 2,29 |
I l Foore 6] 28723 28,2 203, AN _2_59_&_1
l Fo Abs Gorr 300,5 102, o0 b:g;_._q
' 131




>

CKLY, W-1 Sheet 3  of 3
At = 7000 An? tost No. ID- T8 to 1p-83
"rw“'r LU I 1 S I TN iD= Th-. T.D-
DIRATTON neo 1.6 —
SNURATION  soc ?hqh., }
TIY ©F DATA “Ftatic] 3L.0 Ltabic Statig Static Statig
TP paig 86
[ RRP psig 286 M
TIOF psig 292
[ YLP psig 415
1P peig |537 | W38
”‘ﬂv'. psig (539 [ Lg3
AP psi. 3643
W Tb/sec 2431
[ LNT T OF 1358
~ RNT T OF 41315'
aor ) 1364

p—




ROCKET LABORATORY PRELIMINARY TEST RLPORT

‘Shedt 1 of 2

§ " Test Ttem SN __ 1 Test %, LD- 84  thru LD Tobt Item SRLD_

‘ I Date _ Novaber 2, 1960 Work Order 2228-02
' Test Engineer _ L, Goldschlag, lst Shirt Test ¥acility Wel
! TEST ¢

Oas Cenerator Assembly.

P }

PURROSE: .

s .

: Reliability testing of the gas generator assembly and cbmerving heat transfer
i characteristios of the liquid betwesn the gas gensrator and the throttle valve.

REMARKS :

" The propellant feed temperature was recorded between esach burst and after the
last burst for about 15 minutes. The line was not purged after each burst,

Three tenwsecond full thrust firings with 3 minutes between the start of each
burat.

DATA RECORDED'ON: Speedomax
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b ' UBLYL W-1 Sheet 2 of 2

- A = U0 e 1058 Moo 102 Dt b0 ID- (3-10 Sucond Bursta)k )
| TRET NC, D= 6y D~ 8 1.D- 8} D= T.D= 2
: [_DURATTON __ sce 10.0 O 10.5 k"
’ ' ENRATICN o | ‘ 280), & E-

, TIVG OF DATA Static] 9,5 htatic[9,3  [Statid10.0 |Static a 4
L l NP psig 1ot B rggg 2nd deﬁr‘m' gg? ‘
TNE el [ 5 288 588
;‘ I oP psig 291 293 291 ‘ ‘\
| W2 psig L1s uLy 9 "’:
| ' TP paig Urreliable

| [ PSig | B3 |Lgs |3h7 . |50z | 550 |50 . 1

NF ~ psi 3642 3646 | 3649, . — . _‘

. ] W Tb/s8s 2,33 23L 2,98 | | T !
q —INT—""OF 1258 1335 ] I i

o _RNT —_oF blie T30L D% :

v GaT OF [oBN [ Z370 | 778 |137L | B1 [1988 '

-~ m UT g .
| L[ il S 7 N 5 2 !
. b ' |

: BT OF

B & Te—

_ 55 OF
: T8y Op A
; c* 160 2928 2935 2928
| | ¥ 6| 2818 i 2802 ]
. Tap 580 121,0 21,2 20,9
3 | Weorr __ 1b/sec 731 2430 2,32
, | | Moory 16 279.5 230,04 200.0

,' Pg Abg Corr 29045 299.5 299,0

|
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ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheet 1 of . 2

"

Test Ttem SN. 1. Test No. ID- 05  thru LD- B8 Test Item SRLD .
T m—— T ; r —
Date  November 2, 1960 Work Order 2228-025

Ty

Test Enginecer L. Goldschlgg, lst Shift Teast ‘Facility W-i
TEST:

Gaa Generator Assembly.

A L & 5 —— pra— -y e~

* 1 _ PURPOSE:
_ Re]iability testing the gas generator assembly.
Ad | '
" i " Run m'-as Rscorded propellint feed temperature for about 25 minutes n.ﬁzc_r

shutdown.,
Run LD-88 Ran until tank was emptied of HyO, , about 55 mecunds

R N No noticeable drop in nozzle pressure was recorded in these runs,

z
=
B
||
:",I

DATA RECORDED ON: Speedomax
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CBLL W-1 Sheet 2 of 2
At = 7040 inf Tost No. 1D- 65 to ID- 80 _
”%%:%gr} " gac %QS % Bél §Lg.5 _—%:‘0 o »
| STURATION . s8¢ | 255149 23%3 8 261L,1 2660 _
[ TIME_OF DATA TaiTs 203 Biatic 29.Li[Statid 29,8, [Static 30,0 mt
[ INF psig 287 265 2% 288 208 |
P Pl 288 281 205 2 286 ]
) Peig 293 ) 290 290 291
[ FIF peig > : T2 v Tz
- peig | 536 [136 | 53k TLah | 337 [Iok 535 (L L
T pelg [ B {195 [ 538 [loo [ 3ho o 535 (Lo 1
AP P 36,L |35, [ [36.8 36:3 TR
‘ Tb/wec 2,33 2430 2233 a3 1232
CINT O 1356 1 2358 | 11388 16
RNTOF 1328 1328 1312 135
|_aar °F 13’5’? {1338 1328 | .
- 1 ‘
L BL |51 L8 Ihg 86 55 L8 -
. or .
B:i “OF
Ty Of
[Tss Of"
[ T3 OF
| c¥__ ft/sec 2903 2952 2920 2928 29
F 16 55T 58051 2818 L8 20
| _Isp _gec 1.6 112149 ¢ 21.0 121,
| Woopry 1b/sec 2,11 2,30 2,32 232 2.1
[(Foarr 15 280,93 280.0 00,9 200,
{Po aba Coir 3000 299:0 29925 000 0.0
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